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SUGARBEET RESEARCH is an annual compilation of progress reports 
concerning incomplete research by Science and Education Administration 
investigators and cooperators who are engaged in sugarbeet variety and pro- 
duction research. The report has been assembled by Dr. John S. McFarlane, 
Technical Advisor for sugarbeet breeding. The report has been reproduced 
at the expense of the Beet Sugar Development Foundation, and is for the 
sole use of the’ cooperators. Much of ‘the data has not been sufficiently 
confirmed to justify general release and interpretations may be modified 
with additional experimentation. The report is not intended for publication 
and should not be used for cited reference nor quoted in publicity or 
advertising. Reproduction of any portion of the material contained herein 
will not be permitted without the specific consent of the contributor or 
contributors. 

The report presents results of TMVectieations strengthened by contribu- 
tions received under Cooperative Agreements between Science and Education 
Administration, U.S. Department of Agriculture, and the Beet Sugar Develop- 
ment Foundation; the California Beet Growers Association, Ltd.; the Farmers 
and Manufacturers Beet Sugar Association; and the Sugarbeet Research and 
Education Board of Minnesota and North Dakota. 

Trade names occur in this report solely to provide specific information 
and do not signify endorsement by the U.S. Department of Agriculture or the 


Beet Sugar Development Foundation. 
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SUMMARY OF ACCOMPLISHMENTS, 1980 


VIRUS YELLOWS--Selections for virus yellows resistance and evaluations of 
varietal reactions were made against only beet western yellows virus (BWYV) 
again in 1980. Selections were made within 12 breeding lines of which six 
were open-pollinated, multigerm sources and six were self-fertile sources. 
Concurrently to the BWYV resistance selections in which foliar color and 
individual root sugar yield were used as the selection criterion, these 
populations were inoculated and selected for resistance to erwinia root rot 
and powdery mildew. Two of the advanced multigerm breeding lines involved 

in this selection, Y46 and Y41, now appear to possess good levels of 
resistance to BWYV, erwinia root rot, and powdery mildew. Experimental 
hybrids with earlier generations (two fewer cycles of selection) of these 
lines (Y846 and Y841) were consistently ranked toward the top in the 1980 
yield trials at Salinas and Brawley. Whereas Y41 needs improvement for curly 
top and bolting, Y46 has shown good resistance to both. Based upon further 
testing, these sources of combined disease resistance may be released in the 
near future to cooperators. Other yellows resistant germplasm was released 
for increase in 1980. The multigerm breeding line C42 and the monogerm inbred 
C758 and its CMS counterpart should extend the base of germplasm with multiple 
disease resistance. 


The high incidence of virus yellows and reduced yields in several factory 
districts of California in 1980 emphasized the continuing need for yellows 
resistant cultivars in addition to strong beet free and other integrated 
pest management practices. Test 1580 (pages A30-A31) demonstrates that 
highly susceptible hybrids grown successfully in other regions sustain major 
yield reductions when infected with yellows. R. T. Lewellen, I. O. Skoyen, 
J. S. McFarlane, and E. D. Whitney. 


POPULATION IMPROVEMENT--Because sugarbeet cultivars are hybrids, two relative 
divergent kinds of source populations are needed for extracting heterotic 
parental lines. For developing pollinators, the populations need to be 

little different than the traditional multigerm, open-pollinated lines. The 
sources for the female side of the hybrid, however, have special requirements 
including the monogerm and type-O characteristics. A portion of the plant 
breeding research program at Salinas has involved the development of monogerm, 
type-O source populations that are self-fertile (sf) and have genetic male- 
sterile facilitated random mating. The improvement of self-fertile, random 
mating (s£-RM) populations for disease resistance, adaption, yield performance, 
type-O, seed quality, ete., has been an on-going project. The ultimate goal 
will be to develop high quality monogerm, type-O populations with adequate 
disease protection so that elite breeding lines extracted from them can be 
readily used to produce female parental lines. A number of these monogerm, 
sf-pM populations were evaluated in variety cross combinations in 1980 at 
Salinas and Brawley. The results of these tests are presented throughout 

this report. These populations are identified by the codes 8740, 8741, 8742, 
8744, 8745, 8755, 8790, and 8796 in these tests. Several of these populations 
show promising performance characteristics in variety hybrid combinations. 

For example, hybrids with 8755 (either with the genetic MS or cytoplasmic MS 
phase) consistently had better performance than the US H10 and US H11l checks. 


At Brawley in essentially a disease free evaluation (Test B280, page A47) 
the following comparisons were obtained: 


Hybrid Description Sugar Yield (lbs/A) Root Yield (T/A) % Sucrose 


US H10 546H3 x C17 10,060 8143 16.14 
E937HL11 8755HO x C17E2 11,190* 35.0* 16.01 NS 
Y931H8 546H3 x C31E2 10,880 B22) LOST7 
Y931HL11 8755HO x C31E2 415550% 34.7% 16.67 NS 


Because the S£-RM populations depend upon genetic MS (aja ,) and also have CMS 
counterparts, experimental hybrids with either the aa or CMS phases can be 
readily produced. The results of a series of hybrids with eight sf-pM 
populations are presented in Table 880 (page A24). Corresponding hybrids 
utilizing both aa and CMS phases of three sf-pM populations and two pollinators 
were evaluated in Test 980 (page A25). The mean sugar yield of the combined 
aa hybrids was significantly better than the CMS hybrids. However, the 

yields were sufficiently similar and interactions did not occur so that variety 
hybrids or testcrosses based upon genetic MS should adequately indicate the 
relative yield of any subsequent CMS development. Also, the CMS phases lag 
behind in their development and do not represent the most recent improvements 
in the population as do the aa hybrids. Evidence from the 1980 tests suggests 
that these Sf-RM populations may be excellent germplasm sources for ultimately 
extracting superior inbred or narrowly bred parental lines. 


One of the advantages of the monogerm sf_pM populations should be the 
opportunity for simultaneous and parallel improvement with the multigerm 
populations for disease resistance and performance without always having to 
"dip" into the multigerm pollinator sources. Thus, a greater genetic diversity 
can be established and maintained between these sources of parental lines. 

The results of the tests for evaluating virus yellows (Test 1680, page A32-A33), 
erwinia root rot, and powdery mildew (Test 2580-1, pages A39-A45) reactions 
show that these populations are gradually being improved for combined disease 
resistance. R. T. Lewellen, I. 0. Skoyen, and J. S. McFarlane. 


EVALUATION OF S), FAMILIES--In a continuing program to evaluate the efficacy 
of S, family performance and recurrent selection as a method to improve 
self-fertile (sf), monogerm, random-mating populations, 144 Sj families were 
evaluated for yield in a simple lattice design in 1980. These S, families 
were from the first cycle synthetic selected for sugar yield. Selected 
families from these progenies will be recombined to produce the second cycle 
synthetics. The field performance of these 144 Sj progenies is summarized 
in the following table: 


cake a 


Means, ranges, components of variance, and heritabilities for 144 S; families 
from the first cycle synthetic of population 790. 


>... =k | == Ja" ce Gl Mikio” 5. nea neE De Lo a. eee 
Variance Components 


Variable Mean Range Genetic Error uL/ 
SY (lbs/A) 7, GA0g ge O10 107620 1.4 x 106%* 6.9 x 10° 80.4%, 
RY (T/A) 22-7 LO cone seas Leek Lead Lipam 
7, Sucrose 16.4 2S Lone 0.61 NS 0.43 (oe 
Root Rot (%) 2.6 0.0 - 28.7 
Visual Score on Lees =O. 

Beets/100' Eso ten a= LU 


$$ 
1/ H (broadsense heritability) = Vg/(Vg + Ve/r), where Vg = total genetic 
variance and Vg + Ve/r = phenotypic variance. 


Simple correlations were run between sugar yield (SY), root yield (RY), and 
percent sucrose (% S). Correlations were as follows: SY to RY, r = 0.95%**; 
SY to ZS, r = 0.18**; RY to ZS, r = -0.13%. Although correlations were 

not calculated, a visual score based on preharvest traits (vigor, uniformity, 
color, disease reaction, etc.) was associated with sugar yield but exceptions 
were common enough to prevent visual scores of Sj families from being a highly 
reliable selection criterion. Erwinia root rot and powdery mildew, and to a 
lesser degree virus yellows, rust, downy mildew and spider mites, were 
contributing influences on the performance of these progeny families. 
Variability from family to family was observed for all of these factors. 

R. T. Lewellen and I. 0. Skoyen. 


POWDERY MILDEW--Powdery mildew was again severe at Salinas in 1980. Even 
though multiple applications of sulfur were applied to test plots, mildew 
infection probably caused differential responses in yield performance. The 
highly susceptible commercial checks US H10 and US H11 consistently had higher 
incidences of mildew than most experimental hybrids with more moderate levels 
of susceptibility. Observations in our tests suggested that even moderate 
levels of resistance to powdery mildew were important in augmenting the 
control provided by sulfur. We believe that the same would be true in growers' 
fields and that resistance to powdery mildew should be given a higher priority 
than it presently receives. In most of the trials at Salinas, US H10 and 

US H1l type hybrids were ranked last or nearly last and experimental hybrids 
with moderate degrees of resistance (e.g., those with experimental pollinators 
Y¥46, Y41, C31, etc.) were consistently superior and often significantly so 

for sugar yield per acre. These same experimental hybrids were also usually 
superior for sucrose concentration compared to US H10 and US H1l type hybrids. 
Powdery mildew ratings for about 200 breeding lines and hybrids are shown in 
Tables 2580-1 and 2580-2 (pages A39-A45). Although most breeding lines remain 
susceptible to moderately susceptible, several promising lines have moderate 
resistance in combination with resistance to other prevalent diseases. These 
lines will be made available to breeders if future tests show that they are 
sufficiently different from existing germplasm. Selection pressure to 

improve mildew resistance will continue to be exerted against breeding lines 


as they are evaluated and selected for other traits. Tests are planned for 
1981 to determine what benefit moderate levels of resistance in conjunction 
with sulfur will have for disease control. R. T. Lewellen and I. 0. Skoyen. 


ERWINIA ROOT ROT--Breeding for resistance to erwinia root rot was continued 
in 1980. Selections for resistance were made from both wound-inoculated 
greenhouse and field plantings. A greenhouse procedure in which plants in 
the 4- to 6-leaf stage are inoculated appears to be an effective method of 
selecting for resistance. The reaction of 190 entries was evaluated in two 
field tests. The results of these tests are summarized in Tests 2580-1 and 
2580-2 (pages A39-A45). As previous tests have shown, susceptibility to 
erwinia root rot is a rather common occurrence among breeding lines and 
hybrids. It appears in fact that a high level of rot resistance is the 
exception rather than the rule. Reaction to Erwinia will probably need to 
be considered before new commercial cultivars are marketed in the Pacific 
Southwest. C37, an erwinia root rot resistant selection from C17, was 
released to cooperators for increase in 1980. In Test 2580-2, C37 was as 
resistant as C36, and had only about one-thirtieth as much soft rot as did 
C17. R. T. Lewellen, E. D. Whitney, and I. 0. Skoyen. 


GENETIC ADVANCE FOR YIELD AND DISEASE RESISTANCE IN SUGARBEET--Average sugar- 
beet yields in California have increased from about 5,000 to 8,000 lbs of 
sugar per acre from mid-1930's to the present time. This 60% increase in 
yield can be attributed to both inherent improvements in yielding capacity 

of cultivars and to changes in cultural practices. To evaluate the approximate 
genotypic component of this improvement in yield, representative cultivars 
(R&G Pioneer, R&G Old Type, US 15, US 22/3, US 75, US 56/2, US H6, US H7A, 

US H10B, and C718HO x C31E2) were examined in common environments at Brawley 
and Salinas. Disease trials were made at Salinas only. The results of these 
tests are summarized in tabular form for Tests 380, 1280, 1880, 1980, 2580-1, 
and B480. The yield tests at Salinas and Brawley suggested that a significant 
portion of the yield increase can be attributed to genetic improvement. The 
improvement in yield has been nearly linear and little evidence was observed 
of having reached a yield plateau. Whereas sucrose concentration has improved 
only slightly over the span of the use of the representative cultivars, root 
yield and sugar yield per acre have significantly increased. The reactions 

to curly top and virus yellows have been significantly improved, as has 
nonbolting tendency. Susceptibility to powdery mildew and erwinia root rot 
can be traced to the primary germplasm sources used to develop the succession 
of obsolete and modern cultivars. The insights obtained from this study and 
the comparison of commercial cultivars with experimental hybrids and unadapted 
cultivars suggest that significant gains can continue to be expected from 
plant breeding research. I. 0. Skoyen, R. T. Lewellen, J. S. McFarlane, and 
E. D. Whitney. 


DIVERGENT SELECTION FOR ROOT TOUGHNESS--Based upon a penetrometer rating, 
selections were made in three open-pollinated lines for "soft" and "tough"' 
roots. These divergent selections were evaluated in two tests at Salinas in 
1980. The results of these tests are presented on pages A53-A56. In com- 
parison with their parental lines, the first cycle selections for low 
penetrometer values had 4 to 13% lower mean probe values and the high selec- 
tions had 18 to 22% higher mean probe values. This demonstrated that sufficient 
genetic variability exists within sugarbeet breeding lines to alter their 
toughness. I. 0. Skoyen and R. T. Lewellen. 
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FODDER BEET TESTS-~In cooperation with other beet research locations, the 
gross sugar yield of fodder beets was determined in comparison to locally 
adapted sugarbeet varieties. The results of the Salinas test are included 
in the Logan summary of the 1980 Uniform Cooperative Trial of European 
Fodder Beet Varieties. In addition a second fodder beet test was grown at 
Salinas and is summarized in Test 2480 (page A52). In this trial, the 
fodder beets ranged from 3.3 to 7.4% sucrose and produced significantly less 
gross sugar than US H11 even though the root yield of most of the fodder 
beet entries was nearly twice as large. R. T. Lewellen, I. 0. Skoyen, 

and J. S. McFarlane. 


GERMPLASM PRESERVATION--Greenhouse and field increases were made of 30 wild 
Beta species and of 25 obsolete varieties and breeding lines. Seed samples 
of many of these increases are being placed in the National Seed Storage 
Laboratory at Fort Collins. During a trip to Europe in May 1980 arrangements 
were made to obtain additional seed samples of wild Beta species from Poland 
and England. Seed increases of these introductions will be made in 1981. 
Work is underway to describe and catalog the wide range of Beta introductions 
that we have accumulated over the years. J. S. McFarlane. 


FUSARIUM STALK BLIGHT RESISTANCE--A five year study of Fusarium stalk blight 
resistance was completed at Salem, Oregon in 1980. The C566 selection from 
the widely used C563 inbred again showed very good resistance. Other 
selections with good resistance were 9536-4 and 9505-32. Results with Fy 
hybrids, backcrosses, and Fy segregating populations show that resistance 

is dominant. No definite conclusions could be drawn regarding inheritance. 
At least two genes are involved. Susceptibility is either not linked to the 
monogerm character or linkage is very loose. Seeds of both C566 and C566 CMS 
have been distributed to breeders. A second backcross of the CMS to C566 is 
being made in 1980-81. The resulting CMS line is expected to be similar to 
C566 in stalk blight resistance and other characters. Detailed results of 
the 1980 stalk blight tests are given on pages A57-A61l. J. S. McFarlane. 


TRANSMISSION OF NEMATODE RESISTANCE OF HOMOZYGOUS RESISTANT SUGARBEETS AND 
THEIR PROGENIES--The recovering frequency of homozygous resistant plants from 
crosses of resistant heterozygotes was about 1.1%. Plants of these true- 
breeding families transmitted resistance to 98.4% of their progeny, with the 
remainder moderately resistant. However, resistant heterozygotes derived 

from outcrosses of these resistant homozygotes transmitted resistance to less 
than 50%, instead of 75%, of their selfed progeny. This suggests that 
resistant homozygotes as female parents gave full transmission of nematode 
resistance, but their outcrossed resistant descendant acquired little enhance- 
ment in rate of transmission of resistance. M. H. Yu. 
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ABSTRACTS OF PAPERS PUBLISHED OR APPROVED FOR PUBLICATION, 1980 


ESAU, K. and L. L. HOEFERT. Endoplasmic reticulum and its relation to 


microtubules in sieve elements of sugarbeet and spinach. J. Ultrastruct. 
Res. 71:249-257. 1980. 


The structure of the food-conducting cell of plants--the sieve element--is 

of utmost importance to physiological, structural, and pathological studies 
of plants. The present report describes tubules in developing sieve elements 
of sugarbeet and spinach and depicts the interrelationships of the tubules, 
cellular endoplasmic reticulum, and cellular microtubules. The work 
contributes to our knowledge of the fundamental structural variations in 
sieve elements of sugarbeet and spinach. 


HILLS; F. J., W. H. LANGE, R. J. SHEPHERD, and J. S. McFARLANE. Sugarbeet 


pest management: Control of aphid-borne viruses. Univ. of California Bull. 
(In press). 1981. 


Yellowing viruses were a major cause of poor sugarbeet yields during the 
1950's and 1960's. With the adoption of appropriate control measures, yields 
have increased by about 20%. These control measures include beet-free 
periods, development and use of a moderately resistant variety, and the 
protection of young plants by timed application of effective aphicides. 


LEWELLEN, R. T. Sugarbeet diseases, in Parker, S. P., (Ed.), McGraw-Hill 
Encyclopedia of Science and Technology 5th Edition, McGraw-Hill, N.Y. 

(In press). 1981. 

This is a section of an article on sugarbeet that will be included in the 
5th edition of the McGraw-Hill Encyclopedia of Science and Technology. 


STEELE, A. E. Invasion of sugarbeet leaf blades by larvae of Heterodera 
Serachtiiwr J. Nematoh.«13:91-92...1981. 


Under experimental conditions newly hatched larvae of the sugarbeet 
nematode, Heterodera schachtii Schm. invaded leaf blades of sugarbeet, 
Beta vulgaris L. cultivar US 75. Single leaves of only 2 of 6 plants 
inoculated were invaded. 


STEELE, A. E. and HELEN SAVITSKY. Resistance of trisomic and diploid hybrids 


of Beta vulgaris and B. procumbens to the sugarbeet nematode, Heterodera 
Bchachtii. J. Nematol. (In press). 1981. 


Trisomic and diploid hybrids of sugarbeet, Beta vulgaris L., and wild beet, 
B. procumbens Chr. Sm. have the gene for resistance to Heterodera schachtii 
Schm. transferred from B. procumbens. Although not absolute, the hybrids 
were highly resistant to H. schachtii. Resistance in these hybrids is not 
due to failure of larvae to enter roots, but is due to failure of larvae to 
reach maturity. Although significantly greater numbers of female nematodes 
developed on plants inoculated with populations from The Netherlands or 
Italy than on plants inoculated with a population collected from the Salinas 
Valley of California the totals for all populations on resistant plants 
were extremely small. Greater numbers of males than females developed on 
root slice cultures of resistant hybrids. 
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THOMSON, S. V., F. J. HILLS, E. D. WHITNEY, and M. N. SCHROTH. Sugar and 
root yield of sugarbeet as affected by vascular necrosis and rot, nitrogen 


fertilization and plant spacing. Phytopathology (In press). 1981. 





Cultivar, spacing of plants, and nitrogen nutrition affected losses due to 
bacterial vascular necrosis and rot of sugarbeet. Wide spaced plants and 
plants grown under high nitrogen levels were more susceptible to infection 
and rot than plants spaced or fertilized at the recommended level. The 
resistant cultivar was affected less by wide spacing between beets than 
susceptible ones. These data should aid growers in selecting practices that 
will minimize losses due to bacterial rot. 


WHITNEY, E. D. and N. F. MANN. Effect of resistance on growth of Cercospora 
beticola race C2 on the leaf surface and within sugarbeet leaf tissue. 
Phytopathology (In press). 1981. 


When sugarbeet cultivar FC 701/2 was inoculated with Cercospora beticola, 
race C2, the host responded with a susceptible reaction, a large fleck 
reaction,'a small fleck reaction, or no visible reaction. These symptoms 
were consistent from one inoculation to another and within a single host 
plant. The pathogen on resistant plants exhibited a reduction in number of 
germtubes per conidium, width of mycelium, and appressorium length, and a 
change in appressorium configuration, in comparison to the pathogen on the. 
susceptible plants. We interpret these changes in the pathogen as a fungal 
cell or tissue response to the resistance of the plants rather than as an 
environmental effect. 


YU, M. H. and A. E. STEELE. Host-parasite interaction of resistant sugarbeet 
and» Heterodera schachtit .jmadedNematol 213-8) (ini press) ge Apra 1leiesie 


The host-parasite relationships between Heterodera schachtii and the nematode- 
resistant sugarbeets were examined. Second-stage larvae penetrated sugarbeet 
roots and migrated up to 1.95 mm before establishing permanent feeding sites. 
Most sedentary larvae were oriented parallel to the root axis or in various 
diagonal or fold positions in the cortex. Nematodes adopted no definite 
orientation with regard to the root apex. Nematode feeding stimulated 
formation of multinucleate syncytia in host tissues. Syncytia were 0.3-1.1 mm 
in length, up to 90 pm x 150 pm in cross section. Root diameters were 
enlarged close to feeding sites. Most nematodes did not develop to maturity 
in the resistant host tissues. Usually nematodes deteriorated concomitant 
with necrosis of syncytia, and dead nematodes frequently appeared macerated . 
or flattened and deformed. Cavities left by collapse of syncytia were filled 
by growth of parenchymatous tissue. 
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BOLTING AND VARIETY TRIALS, SALINAS, CALIFORNIA, 1979-80 


Location: USDA-SEA Agricultural Research Station 
Soil type: Sandy loam (Chualar series) 
Previous crops: 1979-80 Sugarbeet test areas, Spence Field: 


Block 5 - south 16 acres, fallow 1976-1980; sugarbeet 
trials, 1975 on north 6 acres, and 1976 on 
south 10 acres. 

Block 6 - south 6.7 acres, fallow 1976-1980, sugarbeet 
Eri als, ako fo. 


Fertilizer used: Preplant: Dolomite (equivalent to 105% CaC03),was 
broadcast on Block 6 at a rate of 980 lbs/A and disced in about 6" deep. 
All tests in Block 5 had 346 lbs/A 5:20:10 applied broadcast and 
chiseled in before listing in October 1979. All tests in Block 6 
received the same preplant treatment before listing in April 1980. 
Prior to seeding, 250-320 lbs/A ammonium sulfate was Bye Hoe incorporated 
into a 9-inch band on the beds. 


Supplemental nitrogen: Two to four applications, as sidedressed 
ammonium sulfate or by sprinkler irrigation system as 32% nitrogen in 
a liquid formulation. 


Total fertilization (lbs/A): _N_ P205 K90 
283° Abo 34 


Summary: 1979-80 Tests at Salinas (Spence Field): 


Sowing Thin- Plot 
Date ning Test Plot Row Harvest 
Test 1979- Date Entries Reps Row Lgth. Date Test 
No. 1980 1980 No. No. No. EGS 1980 Design 
180 11/21 1/7-22 119 2 1, 30 -- RCB 
280 DL sZt . 186 2 1 30 -- RCB 
380 eG eal 7 16 4 1 30 -- RCB 
480 1122 i 16 8 2 30 9/16-18 RCB 
580 Le jpee y 20 4. 1 30 11/18-21 RCB 
680 ie 2/29 16 8 2 3024929/21-228) RCB 
780 1/25 thru 16 8 2 30 8 9/23-25 RCB 
880 ha2s 3/11 16 8 2 305999.{29-30 im RGB 
980 1/26 ‘ 16 8 2 30 10/1-2 RCB 
1080 1/26 - 8 8 2 30 10/2 RCB 
1180 1/26: Oy 8 8 2 30 10/6 RCB 
1280 1/28 ¥ 16 8 Z 30 10/8-9 RCB 
1380 Z2AL . 4 4 4 58 9/25-26 Split-block 
1480 4/2 5/1-8 8 8 ae 30 10/27-28 e 
1580 4/2 i 8 8 L 30 10/20 u 


- Alo - 


Sowing Thin- Plot 

Date ning Test Plot Row Harvest : 
Test 1979- Date Entries Reps’ Row Lgth. Date Test 
No. 1980 1980 No. No. No. Ete 1980 Design 
1680 4/2 5/1-8 8 8 I 30 10/21 Split-block 
1780 4/3 et 20 8 1 30 10/21-23 ? 
1880 4/3 te 8 8 1 30 10/9-10 fa 
1980 4/8 a 16 8 2 30 10/14-15 RCB 
2080 4/8 a 16 8 2 30 10/1516 RCB 
2180 4/8 i 20 4 1 30 10/6 RCB 
2280 4/9 i 144 2 Li 20 10/28-29 12x12 SL 
2380 4/9 i 16 6 4 20 10/7-8 RCB 
2480 4/9 a 12 4 2 20 10/2 RCB 
2580-1 4/30 5/28 20 4 1 24 10/28-31 RCB 
2580-2 4/30 Ne t/t Leotorstgty FEL 24 10/28-31 RCB 


Inoculation dates (1980): Tests 1480 through 1880: June 5 with BWYV. 
Tests 2580-1 and 2580-2: July 16, 1980, with a 
suspension of Erwinia isolates. 


Irrigation: By either furrow or sprinkler system as required at 7-14 day 
intervals except during stand establishment when frequent light 
sprinkler irrigations were used. 


Herbicide use: Pyramin W, at rates of approximately 4 lbs/A, was sprayed 
post plant and watered in with 1/2 to 3/4 inch sprinkler irrigation. 


Diseases and insects: Natural virus yellows infection was moderately light 
throughout tests seeded between November 21, 1979 and April 30, 1980 
(Tests 180 through 2480, Field 1, and Tests 2580-1 and -2, Field 2). 


Inoculated BWYV Tests 1480 through 1880 were sprayed with 2.4 pints/A 
Meta Systox R on June 7, 1980 for control of BWYV vector. 


All Tests, inoculated and non-inoculated, were sprayed with Meta Systox R 
for aphid control on: May 21, 1980: Tests 1980-2480 with 2.3 pints/A. 
July 1, 1980: Tests 180-2480 with 3 pints/A. : ; 


Powdery mildew infection was moderately severe in 1980 where it was not 
controlled and appeared first (mid-June) in the earliest seeded tests. 
The degree of control, with the application of sulfur appeared to be 
less in 1980 than that observed in previous years. One to four spray 
applications of wettable sulfur at rates of 9 to 13 lbs/A, on designated 
test areas, were made on June 24, July 7 and 15, August 11, 14 and 24, 
and September 9, 1980. Some differential responses in yield probably 
occurred due to PM infection. 


= ATP = 


Downy mildew infection was not a significant disease problem in 1980. 


Natural infection of Erwinia soft rot was moderately light in susceptible 
lines and had minimum effect on yield in 1980. 


Sugarbeet nematode infestation was light to moderate in Block 5, 
Tests 180 through 2480. Infestation appeared to be fairly uniform 
with most cysts developing late in the season. 


Sugar analysis: Determined from two samples per plot of approximately 10 
roots each or 25-40 lbs of roots at the sugar analytical laboratory, 
U.S. Agricultural Research Station, Salinas, California. 


Remarks: Nitrogen application rates were unusually high again in 1980 tests 
because of slow growth and an unthrifty appearance during the growing 
season. The cause was probably due to a compacted soil condition we 
were unable to correct. This resulted in poor water penetration. 


Test results should be reliable but not as good as most years. 
The assistance of Dr. F. J. Hills and Ms. Patricia Thomas, University 


of California at Davis, in the analysis of test data is gratefully 
acknowledged. 
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TEST 280. BOLTING EVALUATION TEST, 
SALINAS, CALIFORNIA, 1979-80 


186 entries with 2 replications 


l-row plots, 30 ft. long Planted: November 21, 1979 
Stand Bolting 
Variety Description Count 8/13 11/4 
HYBRIDS 
464H8 (US H7A) 546H3 x F66-64 85 25% See 
964H8 os ae ok 4 COM) 15 8.0 8.0 
US H1OB 546H3 x C17 (6169) 83 6:50) Ue 
E637H8 54603 xeho37 86 132 25m 
E837H8 Se a a CD 81 8.6 9.9 
E937H8 ee ty, 81 oau oun 
717H8 (US H1OB) Ye SES Che 80 2e5 35e 
917H8 4 Dae mG LD) 84 2.4 350 
US H11 54603 * C36" (75016) 82 0.0 0.0 
US H1l : Ly x C36. (Amer, Cry;) 81 225 a 
SSE Sprex. F77-36 hybrid 86 a2 LZ 
E736H8 (US H11) >4bH3 7 xe DOeCSb) 93 2d Dae 
E936H8 # eee OBC IG) 89 Oey, 1052 
8717H8 so ae dat a, 85 Deg cok 
8719H8 ike Tike 91 IAT 8.8 
Monatunno Hilleshog (K19307) 84 Zee 30 
MonoHy D2 GW hybrid 86 54.7 54.7 
HH27 Holly hybrid hd, 67u5 hea 
1443 Beta Seed 78 44.9 50.0 
Hh Mono 545 NB Hilleshog (87386) rhe 0.0 loa 
968H8 546H3 x 468 82 4.9 hes 
Y823H8 ie ekanles 78 ok 15.4 
915H8 eee ao LS 82 4.9 4.9 
Y826H8 naa Cee 87 1073 1328 
959H8 eo Oo 87 16.8 line 
Y905H8 "x 68-9163 88 38.6 42.0 
Y731H8 Y x Y631BatCoinb) 77 0.0 La 
Y931H8 NeXt oo Laetoli) 86 , ome Lies 
Y939H8 eee 95 14.7 16.8 
Y740H8 ice Con 82 Boo 9.8 
Y940H8 " x Y840 79 11.4 11.4 
Y741H8 sn OL 83 me 12.0 L2a0 
Y941H8 ee CeO. 86 19.8 20.9 
Y942H8 e oseey Ba em 78 9.0 9.0 
Y746H8 TF cece OG 85 0.0 0.0 
Y946H8 Nee Ea 93 Bed Jak 
Y947H8 ee ee 87 4.6 sy 
Y948H8 exe Laue: 84 ask en 


SALINAS, CALIFORNIA, 1979-80 
Stand Bolting 
Variety Description Count 8/13 11/4 
No h he 

Y931H3 F66-562HO x Y831E (C31E2) 86 So 9.3 
Y931H26 C779HO x Y831E 84 Lee Ee2 
E937H17 S5ntn sy) x Eo3/* (CI7E2Z) 83 8.4 pas5 
Y931H17 SoS ENS x YS31E 88 a, sa 
Y941H17 5551H5 x Y841 78 26.9 26.9 
E937H24 7522H21°x E837 85 0.0 0.0 
Y931H24 7522H21°e* Y831F ae 2 eG 2.6 
Y941H24 Paeeene Leer ys4) 89 tes 7.9 
Y942H24 P5S2H21-% Y842 74 6.8 6.8 
E937H25 7522H4 x E837 84 6.0 Pad 
964H72 F74-718HO x 364 76 6.6 Teo 
E936H72 n eee oo (C36) ar See 76 
E937H72 mn x E837 82 Dee 234 
73172 3718HOB x Y631E (C31E1) 79 0.0 Loa 
Y¥931H72 F74-718HO x Y831E (C31E2) 80 coo 10.0 
Y940H72 at x Y840 84 19.0 ZI 
Y941H72 x x Y841 79 26.6 30.4 
Y946H72 " x Y846 82 9.8 TZ 22 
E937HL11 8755HO .x E837 85 Lert 13s 
Y931HL11 8755HO x Y831E 83 2.4 2 ot 
E937HL24 $/55aa * E837 85 ay Pak 
Y931HL24 8755aa x Y831E 81 320 14.8 
Y931HL1 7758-1H2 x Y831E 93 Zee 3 F2 
Y931HL2 7758-3H2 x Y831E 93 aes eo 
Y931HL6 8740HO x Y831E 86 oe 8.1 
Y931HL7 8741HO x Y831E 83 Zt 4.8 
Y931HL8 8742HO x Y831E LE 10.4 Via 
Y931HL9 8744HO x Y831E 78 380 6 Jt 
E937HL9 8744HO x E837 84 2 3 36 
Y931HL10 8745HO x Y831E 83 pert 2.4 
E937HL1O 8745HO x E837 79 8.9 10 a1 
Y931HL13 7790HO x Y831E 7 yeu Se 5 
Y931HL14 7796-1HO x Y831E 66 loa 18/2 
Y931HLL5 7796-2HO x Y831E fo Lee lae0 
OPEN -POLLINATED 
417 inemo13A 4(C1/ ) 53 5 Da 
717 Inc 4b7,(C17) 59 6.8 a 
917 tna ee fel C17)) 76 6.6 6.6 
E637 ines hos?) (CLIBL) 60 S70 5 ou 
E837 nee eyo (ClI RZ) 74 9.5 9.5 
E937 ince hos, €.. %. ) TZ 6.9 6.9 
E937 YR-ER E737 (C37) 68 ro eS 
E840 Inc. E640 ey 10.9 oe) 
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TEST 280. BOLTING EVALUATION TEST, 


~ AIS 


TEST 280. BOLTING EVALUATION TEST, 
SALINAS, CALIFORNIA, 1979-80 





Stand Bolting 


Variety Description Count 8/13 11/4 
F70-13 Ine? F66213, (6155 7a Zea Loe 
813 Inew +130 (C13) 82 4.9 6.1 
F/77-36 Ines C36. 07322) 78 rU.3 reo 
F78-36 Inc. F77-36 (78087) 76 Dia 6.6 
F79-36 Ine? C365C/ 9377) 76 es) ere 
E736 Ines, E536 5(C360)) 63 6.5 955 
E936 Ince. E73ba(G30) 67 14.9 14.9 
E936 NB E736 77 0.0 0.0 
F79-31 Ince ‘C3125 C/ 9427 ) 79 ona aa 
Y831E YRS@YO3 LE 78 2.6 2 se 
Y931 Ines YS3lE COS 1EZ) 69 Zoo Pe 
YO31E YR-ER Y631E 84 Lae 2 oie 
a7 Ine Y631. ie (O31) 81 2 ay oah 
¥939 TnCeNooo ef. 24 ye, 
Y740 Incwev640 81 Zaye. nav ae 
Y940 ince Vecng fa]. Loree Lode 
Vaca ing. Your 74 2D cel 27 at 
Y941 Ings Ysa ie) 5353 60.0 
Y746 Inc. Y646 ey * oak or 
Y946 Inc. Y846 91 6.6 oan 
Y942 li GreOLee. ial: Duh wal ne ee 
Y947 Ince S47 Rr 83 16.9 18.1 
Y948 Inc. Y848Rr 88 had ad) 1953 
tea 2/3 Logan | 89 93 33 O33 
Y905 Inc. 68-9163 (R&G Pioneer) 88 G7 wf. 60.2 
915 Inga 3154 (USeL5) PS 19-5 20.8 
Y823 Incomes 23 yo 2d «tt ae 
Y923 YR-ER Y723 92 42.4 42.4 
959 Inews 959 eS 2567/2) 80 16 23 18.8 
Y826 Inc2x1726 86 48.8 48.8 
Y926 YR-ER Y726 92 aa sane 
468 Ine oosecus 7/5) 79 Sad an 
968 ING tO cman ee) 78 10,3 Lie 
Y¥930 YR-ER Y730 79 203; 2.30 
964 Inc. 364 (C64) 81 La 4.9 
8270 Inc. K2-2n 76 Leo 1a 
8271 Inc. K2-4n 69 Saf 14.5 
8273 Inc. MP10-4n 76 5070 59.2 
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TEST 280. BOLTING EVALUATION TEST, 
SALINAS, CALIFORNIA, 1979-80 


Stand Bolting 

Variety Description Count 8/13 11/4 
SELF-FERTILE, RANDOM MATING 
8740 ' 7740Baa x A mee 1320 Ego 
9740 YR-ER 7740B (A,aa) 79 7.6 dno 
8741 7741Baa x A 64 ed 9.4 
9741 YR-ER 7741B (A,aa) 74 Ler Distt 
8742 7742aa x A a 28.0 age 
9742 YR-ER 7742 (A,aa) 85 18.8 20.0 
8744 7744aa x A 58 8.6 8.6 
9744 YR-ER 7744 (A,aa) 70 Lie 12.9 
8745 7745aa x A ya Ae 2 5.6 
9745 YR-ER 7745 (A,aa) 77 0.0 1.03 
9746 8746aa x A 84 274 28.6 
9746HO 8742HO x 8746 92 Zoe o226 
2755 6/55aa_x A 87 1429 Wee 
8755 {7 55baa- x A 79 736 tab 
8755HO 7755HO0°x 7755B Ta 28.6 32 
8755 YR=ER 77558’ (A,aa) 86 1643 lyn 
7789 6789aa x A 81 1326 ano 
9789 8789aa x A 87 Teal Bu 
7790 6790aa x A 78 1/49 YOu 
9790 8790aa x A 78 JRO 10.3 
9790D T-O-Sel. 8790Daa x A 83 8.4 8.4 
9790DHO 7790DHO x T-O-Sel.. 8790D 87 1226 14.9 
7796-1 6796-laa x A 86 15a 1 18.6 
9796-1 8796-laa x A 86 Oak 9.3 
9796-1HO 7796-1HO x 8796-1 85 4.7 reo! 
7796-2 6796-2aa x A 79 lig? Ce 
9796-2 8796-2aa x A 85 ret dak 
9796-2HO 7796-2HO x 8796-2 82 Lic Poo 
Fj] HYBRIDS & INBREDS 
F70-546H3 © 562HO x 546 83 4.8 10.8 
F78-546H3 So2nO. x 465 (78155) 84 S20 6.0 
9718H3 F66-562HO x 3718 (C718) 96 ea} prt 
9718H26 C779HO x 3718 93 deat 4.3 
9718HL9 8744HO x 3718 87 eal a ok 
9718HL11 8755HO x 3718 85 10.6 12.9 
8779H3 F66-562HO x 7779 (C779) 85 9.4 1675 
8779H72 F74-718HO x 7779 91 8.8 ELSO 
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TEST 280. BOLTING EVALUATION TEST, 
SALINAS, CALIFORNIA, 1979-80 


Stand Bolting 
Variety Description Count 8/13 11/4 
No. b th 

8536H72 F74-718HO x F75-536 97 1.0 1.0 
8536 Inc. F75-536 (78298) 87 0.0 14d 
F78-546 Inc. F70-546 (78156) 65 9.2 9.2 
9546E ER-YR 7546E 86 5.8 5.8 
9767E-1 ER-YR 9563E 80 1.3 225 
9767E-2 ER-YR 9563EHO 65 4.6 4.6 
7758-3 Inc. 6758-3 82 1.2 2.4 
7758-3H2 6758-3H72 x 6758-3 86 3.5 5.8 
F74-718 Inc. C3718 (4170) 79 2788 3959 
F74-7 18HO C3718HO x C3718 (4169) 84 14.3 16.7 
9718 Inc. 3718 (C718) 82 pen 2.4 
9718HO C718HO (Iso.) x 3718 88 11 >t 
9758-1 ER-YR 6758-1 (C758) 73 0.0 0.0 
9758-1HO 7758-1H2 x ER-YR 6758-1 86 V2 ee 
7758-1 Inc. 6758-1 a3 0.0 0.0 
7758-1H2 6758-1H72 x 6758-1 88 2.3 2.3 
8779 Inc. 7779 (C779) 58 1e7 3.4 
8779HO 7779HO x 7779 (C779CMS) 87 9.2 10.3 
F79-779 Inc. C779 (79435) 96 3:1 6.3 
F79~-779HO C779CMS x C779 (79434) 90 0.0 1d 
F66-562 Lot 6618 75 24.0 28.0 
F66-562HO Lot 6349 78 17.9 21.8 
F67 -563 Lot 7433 73 30.1 35.6 
F67 -563HO Lot 7432 ng 6.5 9 ak 
whey Inc, 7717 74 029 4.1 
8719 Inc. 6719 77 0.0 0.0 
9720C1 YR-ER 7207-12, 14, 32, 430 i Ath 238 
9723C1 YR-ER 7203-#'s @ 22 iy 8.3 
8215Cl 7205 (bmbm\®, (S2B5 C17Sf) 38 0.0 0.0 
8217Cl 7207 (bmbm)@, (S3B4 C17S£) 36 222 2262 
S21ICl 7201 (bmbm)@, (S2B5 co1sf) 38 13t2 18.4 
8213C1 7203 (bmbm)@, (S3B4 CO1Sf) 40 2 25 
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TEST 380. BOLTING EVALUATION OF CALIFORNIA CULTIVARS , 


SALINAS, CALIFORNIA, 1979-80 
16 entries x 4 replications, RCB 
l-row plots, 30 ft. long Planted: November 21, 1979 
Stand Boltin 
Variety Description Count 6/25 8/13 10/28 
No. he z h 

US 22/3 Logan tie 89.5 94.6 98.6 
Y905 Inc. 68-9163 (R&G Pioneer) 169 46.7 68.6 715 
915 Inc rede (USee 5 ) 165 0.6 Hao 9.1 
959 Inc. 959 (US 56/2) 151 6.0 16.6 19.2 
968 Inc. 468 (US 75) 167 4.2 10.2 10.8 
964H2 (US H6) 4547H1 x 364 172 0.6 3n5 7.0 
964H8 (US H7A) 546H3 x 364 169 0.0 B20 3-0 
917H8 (US H10B) Cremeans 172 0.0 4.1 Su 
E936H8 (US H11) Ue do 173 0.0 B15 35 
Y931H8 es Yesik 161 0.0 6.2 6.2 
E937H8 YS & E637 166 0.0 6.0 9.6 
F78-546H3 562HO x 546 (78155) 172 12 2.9 4.7 
E937 Inc. E837 (C17E2) 164 1.8 5145 6.1 
917 Inc. 417 (C17) 161 1.9 8.7 11.8 
Y931 Inc. Y831E (C31E2) 159 25 3.8 4.4 
E936 Inc. E736 (C36) 169 4.1 wa) ee 

BOLTING SELECTION PLOTS, 1980 
Y923 YR-ER Y723 618 19.4 50.8 55D 
Y926 YR-ER Y726 655 15.6 49.0 oy 
9744 YR-ER 7744 650 2.8 8.9 33 
9745 YR-ER 7745 702 0.6 3.6 doth 
9755 YR-ER 7755B 1005 5.8 2081 27 a 
8211Cl 7201 (bmbmy%, S2B5 cols 504 2.4 9.9 1.9 
8213C1 7203 (bmbm\@, $3B4 CO1Sf 425 0.2 Sy 8.0 
8215C1 7205 (bmbmy¥®, S2B5 Cl17Sf 314 1.6 7.0 8.6 
8217Cl 7207 (bmbmy®, S3B4 C17S£ 343 30.3 39.7 44.0 
Y947 Inc. Y847Rr 660 6.7 28.8 29.5 
Y948 Inc. Y848Rr 526 5 2585 26.2 
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°CcSO X OHE9SD = YHCCSL 
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TEST 980. GCA EVALUATION OF SIMILAR CMS (HO) AND GENETIC MS (aa) LINES 
SALINAS, CALIFORNIA, 1980 


16 entries x 8 replications, RCB Planted: January 26, 1980 
2-row plots, 30 ft. long Harvested: Sept. 30-Oct. 1, 1980 
Acre Yield Beets/ Root 
Variety Descriptionl/ Sugar Beets Sucrose 100' Rot Bolting 
Pounds Tons Percent Number Percent Percent 
Y931H8 546H3 x Y831E 13,408 37.70 bjt hae 136 0.9 WEP) 
E937H8 546H3 x E837 11,945 34.68 yee 134 ied heap. 
Y931HL9 8744HO x Y831E 11,800 SacGe 17.46 TS5 5 oo On 
Y931HL21 8744aa x Y831E 12,657 34.86 18.14 ror 1.4 OFS 
Y931HL10 8745HO x Y831E 12,049 35.69 16.89 TSL 369 0.0 
Y931HL23 8745aa x Y831E 12,862 Seis 1732 128 2.0 O52 
Y931HL11 8755HO x Y831E 13.057 37.04 T7774 33 Tae 0.0 
Y931HL24 8755aa x Y831E so 37.40 17.64 35 La7 6 
E937HL9 8744HO x E837 jy Bags tale? 32.88 tens 133 Lia] 0.0 
E937HL21 8744aa x E837 11,842 34.84 t 7305 E35 iS O.2Z 
E937HL10 8745HO x E837 O26 35 199 eet 05 138 133 0.0 
BEesAHb2s. 8/45aa x E837 Lie 35.23 Gra 133 3.0 rec. 
E937HL11 8755HO x E837 12,980 SOME 16.76 ‘ian | 2% 0.8 
PA57He24 8/55aa x E837 2a S6a05 17.06 E37 72.0 vs 
meelHL15: 7796-2HO x Y831E 12,393 34.76 scans 133 0.9 8 ge 
einigt4e 7796-10 x. Y831E 12,153 34.94 ees 15 ew 0.6 
Grand Mean 125324, 9235..50 Pine 134 oe On 2s a 
Lap o505 820 Pye OSS 2 NS 249 O53 
Cre Va tle Our ears ae hee D2 v2 ait b 
F value 5, 03% ae 4.5%% 0.5 NS 2.7%? 1.9% 
CMS (HO) hybrid means 12, 093A2/35.23A LP LSA -- SB . OA. O7 1A 
aa hybrid means 12,454B _36.02A LN -- 2.08 Oe a5 
Y831 hybrid means 12.572 0A 365244 ee. -- o aK. O'..LA 
E837 hybrid means PL, 94235355173 16.99B -- Dl 0). 2A 


1/ Y831E = C31E2. E837 = C17E2. aa = genetic male sterility. 
HO = cytoplasmic male sterility. 8744, 8745, 8755, 7796-1, and 7796-2 = 
monogerm, self-fertile, random-mating populations. 


2/ Means with the same letter are not significantly different. 
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TEST 2580-1. REACTION TO ERWINIA AND POWDERY MILDEW, 
SALINAS, CALIFORNIA, 1980 


Planted: April 30, 1980 


20 entries x 4 replications, RCB Inoculated: July 16, 1980 
l-row plots, 24 ft. long Harvested: October 31, 1980 
ERR Reaction 3/ 
No. 1/ Te 2/ BM. scores 

Variety Description Roots DI-— Healthy— 8/7 8/10 8/16 
Y905 Inc. 68-9163(R&G Pioneer) 141 The aa ROO sd. See hy 2 eee 2 OM) 
Y906 Inc. R&G OT-42 Po. 11.83 82.8 Ue a2 eeeD ado 
Y424 Inceead24 (US 22/3) Is5 6.64 88.1 EE Ue 6 « V0) eo OU 
915 Inc. 9 15'GIs7 15) 133 Diep 8507 2euOe 1.75? «32.00 
959 Tne. 959(US* 56/2) 144 eo oo2 4 tem ty mh Ta 
968 Ine.. 465 (Us V/>) Le 14 22 adie eee 3s (ue a's (LL 
917 Pere 7 CC) tn) 144 36.94 ce ey A ee th 2 eee) « 0 
E936 TnGe a ie 0. C055.) 140 0.29 37 9 Deen i) 9 Gee kOe kU 
964 Inc. 364(C64) 130 Oeeiak 98.5 mo Unie & 2 Ogee. OU 
964H2 4547H1 x 364(US H6) oe Paes he! 91.4 yal eit. | lee whee 
964H8 546H3 x 364(US H7A) 166 2 US 91.6 See) «lan el ee 
917H8 546H3 x 417(US H10B) 166 Ti. 36 Payee Ce mee ef ie OU) 
E936H8 Seon en Oo LUST ) 144 ee 93.8 Ns? ane OU) 
Y931H8 SO. Kal) fet GA Lee.) LAG ee alee 91.1 ee eS oh ehh 1 
F78-546H3 562HO x 546(78155) 160 at Ed aed ee ae len 2 
4547H1 1502HO x 2547 (ms of NB1xNB5) 142 0.59 OS al ee ee Le ue ad oo) 
E840 Inc. E640(Erwinia susc. ck.) 116 vibe) 8.6 Ceo eey 00s 5.4 
Y941 Inc. Y841 147 Sto 94.6 Pad. 1.50, 63.25 
Y931E YR-ER Y631E 134 4.93 91.8 Das 2.250%. 10 
E937HL11 8755HO x E837 149 6.36 87.9 pa, 4. 7 SMIS. fo 


1/DI=Disease Index== percent rot/no. of roots. Plants scored on a scale of 0, 
fee. >, 00. 75, 93,.4and. 100%, rot per root. ERR=Exrwinia.root rot. 

2/Roots with scores of 0 and 1% rot were considered healthy. 

3/PM=powdery mildew. Ratings made on a scale of 0 to 9. 


NOTE: Although problems were experienced with the inoculum in 1980 and the 
level of disease incidence is lower than expected, DI ratings appear to picture 
correctly the relative reaction for these varieties. The DI values are probably 
more useful in this test than the % healthy data because of the large number of 


escapes. 
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TEST 2580-2: EVALUATION OF HYBRIDS AND BREEDING LINES TO 
ERWINIA ROOT ROT AND POWDERY MILDEW, SALINAS, CA, 1980 


Planted: April 30, 1980 
Inoculated: July 16, 1980 


171 entries x 2 replications 2nd Rep Reinoc.: August 27, 1980 
l-row plots, 24 ft. long Harvested: October 28-31, 1980 
ERR Reaction 3/ 
No. L/ b / P.M: Scoreges 
Variety Description Roots “DI- Healthy— 8/10 8/16 
HYBRIDS 
HH27 Holly Hybrid (rec. 1979) 81 228 91.4 io Jo 
GWD2 Monohy D2 77-115 82 ti 09 68.3 De 633 
1443 Betaseed 77 Lowe? 63.6 SEU 459 
Hh 545 Hilleshog (rec. 1978) 7a | 20481 61.6 Zig 4.0 
Monotunno 4 hee 20372 5965 Za 42 
US H1l U836H8 (78016) 74 2200 89.2 Je 139 
US H10B SA6H3, xaGly, (ooLo9) 76 LT a0o 59,2 Ons 8.0 
SSX ELIZ Spreckels (rec. 3/7/80) 83 13.69 13s 4.0 6.0 
SSX811E . 78 3302 88.5 = he 6.0 
SSE1 a 65 1.69 Ton,3 Sas 6.5 
7335-012 Holly (rec.: 2/27/80) 65 S70z S34 Ja ce 
GWD2 MonoHy D2 (rec. 2/11/80) 78 14.54 64.1 5a Sata 
40619L Betaseed (rec. 3/5/80) SO Vee 24o4 wera te 4.0 4a5 
Monoricca Hilleshog (rec. 2/21/80) 81 yale 90.1 joa 335 
Mono 309 ‘ ti 65 lOe23 75.4 ao 4a 
Mono 1491 A 4 81 15.96 6147 Sand 5.0 
US H8 546H3 x NB7 (Holly) 80 6.24 83.8 675 ies 
US H9B 5460H34xtCES C1050) 83 16.37 69.9 6.0 tea 
US H1OB 546H3 x C17 (8616) 89 14.02 70.8 6.0 733 
US H1l1 546H3 x F77-36 (78016) 88. 111 67-51 Gee 6.5 2s 
US H11l 546H3 x C36 (979038) 87 3230 88.5 in O 7aa 
E840H8 546H3 x E640 Soene20 250 60.7 a5 <5 
8717H8 EXT as 89 1.98 88.8 6.0 Leu 
8719H8 ie et 0719 86 4.09 Soa) 6.0 62 


1/DI=Disease index=Zpercent rot/no. of roots. Plants seored ona scale of 0, 
1, 7,25, 90, 75, (93, and 1007 rot per (root, seeEn=h rwintesroota yore 

2/Roots with scores of 0 and 1% rot were considered healthy. 

3/PM=powdery mildew. Ratings made on a scale of 0 to 9. 


NOTE: Because of problems encountered with the Erwinia inoculum, comparisons 
should primarily be made within sets of entries (denoted by dotted lines). 
Because the infection rate tended to become less severe as the Erwinia 
inoculum aged, the 2nd replication was reinoculated on August 27. More 
healthy plants (in many cases escapes) and lower DI's were measured in this 
test than expected, but the DI's do appear to accurately picture relative 
variety reactions. 
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TEST 2580-2: EVALUATION OF HYBRIDS AND BREEDING LINES TO 
ERWINIA ROOT ROT AND POWDERY MILDEW, SALINAS, CA, 1980 


ERR Reaction 


No. 1/ Fe 2/ Pea, Snoreus” 
Variety Description Roots DI-— Healthy— 8/10 8/16 
917H8 546H3 x 417 (C17E0) 90 1¥.93 76.7 aso 726 
E837H8 vepexat~o7..(CL7ZEL) 88 Oya2 84.1 Bad Ie 
E937H8 O-O-xaboss (CI7EZ) 89 8.03 79.8 3.0 6.0 
E937H17 5551H5 x E837 88 6,35 81.8 eo 7-0 
E937H23 7551H21 x E837 85 10.29 ' 80.0 6.5 ye) 
E937H24 7522H21 x E837 89 12.38 69.7 aU a5 
E937H25 7522H4 x E837 83 6.60 84.3 6.5 beau 
E937H72 F74-718HO x E837 80 10.09 oe 5.0 oe 
E937HL21 8744aa x E837 64 14.67 30 5.5 a0 
E937HL23 8745aa x E837 62 Peeoo 69.4 os 7.0 
E937HL24 8755aa x E837 64 20.19 65.6 #5 6.0 
Y631H8 546H3 x. _Y331 (C31E0) 67 Behe Diw2 4.5 50 
Y731H8 MER xPYGS1E.(631E1) 65 8.49 80.0 5.0 Se 
Y931H8 N x Y831E (C31E2) 67 6.22 85.1 se) Die 0) 
Y¥931H17 5551H5. eeYS31E 69 9.70 79 7 &.0 5.0 
Y931H24 7522H2 1x Y831E 63 locee 66.7 6.0 6.65 
Y¥931H26 8779HO x Y831E 61 20.41 BOSS 8.0 G35 
¥931H72 F74-718HO x Y831E 64° (125-76 57.8 he 520 
Y931HL21 8744aa x Y831E 62 11.39 80.6 e.5 te 
Y931HL23 8745aa x Y831E 63 19.35 74.6 Dies) 65 
Y931HL24 8755aa x Y831E 66 19.61 63.6 4.0 360 
US H10B 546H3 x C17 (86169) 63 lool 74.6 6.0 Ora 
US H1ll U836H8 (78016) 65 Oe 03.0 6.0 DY 
E840H8 546H3 x E640 59 29.93 42.4 meg BO. 
Y939H8 546H3 x Y839 78 1.91 91.0 6.0 anu 
Y940H8 Mae SV S20 74 Sv/7 Sir sy eg 75 
Y941H8 vee. X*Y8el 73 Zul 91.8 7.5 6.0 
Y942H8 MN 7 ZBYSh2 80 4.18 85.0 5.0 6.5 
Y946H8 MS GS xaVSG6 79 8,05 88.6 e.5 6.5 
E936H8 ee xeE 236 80 Loo 91.3 c.5 Jon 
Y947H8 On - xP YOGs EY 81 4.90 88.9 6.0 6.5 
Y948H8 MEP XeYouoRr he 4. 89.6 a) ia 


AAO ee 


TEST 2580-2: EVALUATION OF HYBRIDS AND BREEDING LINES TO 
ERWINIA ROOT ROT AND POWDERY MILDEW, SALINAS, CA, 1980 


a 
ERR Reaction 


No. 1/ 2 2/ PsiMs SCOreaEn 
Variety Description Roots §DI-— Healthy— 8/10 8/16 

OPEN-POLLINATED LINES 

Y¥923 YR-ER Y723 hes 4.29 94.5 aS 4.0 
Y¥926 YR-ER Y726 68 Zao 92.6 Se 4.0 
¥930 YR-ER Y730 WA LOms > 80.3 tsD y 
NiOSiL Tie yoo t) WS 10.86 80.8 4.0 Sep 
Y731 Inc. Y631 (C31E1) 76 eee 89.5 4.0 Ono 
YOSL(Sp..) Inc. PYSsibis(CStEZ) 75 5.04 90.4 4.5 6.0 
F79-31 Inc si S34 Ra GOOLE.) 63 7.48 88.9 4.0 ‘aD—i@ 
Y931E(Iso.) YR-ER Y631E 75 BD 95.9 3.1) 5 
813 Inc. 413CK(C13) POM aS As a1 5.0 6.0 
F77-36 Ines C3G07822) 63 2.06 90.5 Se iO 
F78-36 Inc. F77-36 (78087) 69 v9 Oe Da) PaO 
F79-36 Inc C36 67 2.09 9275 6.0 7120 
E936 Inc. E/736"@iso.) 66 OLS 98.5 a 7.0 
E840 Inc. E640 67 62.09 16.4 5.0 6.0 
¥939 Inc. Y839 66 6.36 90.9 3.0 4.5 
E637 Ines E537 (CU7ELD) 70 16.39 an te 455 675 
E937 (Sp.) Inc®#E83.7(G17EZ9 74 4.97 89.2 DiaD 6.0 
E937 (Iso.) YR-ER E737 (C17E3=C37) 65 122.0 98.5 Se 6.0 
917 Tne: 41 7s(G17E0> 69 By 42.0 Gls 6.0 
964 Inc. 364 (C64) 56 35,14 92.9 we 5.0 
Y440 Inc’) 3254 54 1205 S1se5 3.5 » “ae 
Y740 Inc. Y640 61 3.98 88.5 320 5,5 
Y940 Inc. Y840 65 Vidoa 86.2 3.25 5,35 
Y441 Inc. 32 55 60 One 86.7 5.20 Seo 
Y741 Inc. Y641 57 1.00 96.5 3.35 530 
Y941 Inc. Y841 S\// Lael 94.7 3,30 4.5 
Y746 Inc. Y646 } 63 2.68 96.8 3.25 6.0 
Y946 Inc. Y846 ES 3593 89.1 Sat See 
Y942 Inc. Y842 67 1.48 92.5 6.0 73d 
F78-36 Inc. F/7-36 62 Led 96.8 aed 6:5 
E840 Inc. E640 46 7270. Lae ae 6.0 
Y947 Inc. Y847Rr ee 6.65 87.7 4.0 Seu 
Y948 Inc. Y848Rr 50 Las 84.0 4.5 Sit 
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TEST 2580-2: EVALUATION OF HYBRIDS AND BREEDING LINES TO 
ERWINIA ROOT ROT AND POWDERY MILDEW, SALINAS, CA, 1980 


_ERR Reaction _ 


No. 1/ 7 2/ Rew Mis sence 
Variety Description Roots =Die Healthy— 8/10 8/16 

PM-1 634-46-4-2F 125 0.44 96.0 Z.0 SoS 
PM-2 435-8-1A-2A AeTa yee ta, 98.2 he) eo 
PM-3 435-8-1A-2B 62 0.02 100.0 25 4.0 
PM-4 435-8-2A-1F 35 0.14 98.5 eo 4.0 
PM-5 435-8-1A-2B 32 0.0 100.0 2.0 60 
PM-6 634-46-4-2 66 0.0 100.0 2.0 a eu 
PM-7 435-11-4-1 27 3.04 92.6 5.0 50 
PM-8 435-8A-1-2 30 O50 95.53 20 SU 
PM-9 634-46-4-2-2 34 ree 9761 ZO 6.0 
SELF-FERTILE, RANDOM-MATING LINES 

9740 YR-ER 7740B (A,aa) 82 be) 9072 4.0 Di) 
9741 YR-ER 7741B (A,aa) 83 ok 88.0 eD 6D 
9742 YR-ER 7742 (A,aa) 88 3.36 90.9 i<5 Gea 
9744 YR-ER 7744 (A,aa) Te 8053 76.6 is, 5 6.0 
9745 YR-ER 7745 (A,aa) 82 8.18 76.8 6.5 EAC 
9746 8746aa x A 90 303 OiF sii SAS Le 
io 6/5Saa=x-A 86 Ori Rar De) Seo 
8755 7755Baa x A 88 6.98 84.1 t..5 ye) 
9755 YR-ER 7755B (A,aa) 80 EO 95 50 a5 ea) 
E840 Inc. E640 59. Ub Av 30.5 be 5 6.0 
9790 8790aa x A 84 1.80 96.4 a5 LIeD 
9790D T-O-Sel. 8790Daa x A 84 25 90.5 6.0 eee 
9790DC1 7790D) 86 7 A017) 89.5 De) 6.0 
9796-1 8796-laa x A Vhs) 195 Oe a6/7. 0 8.0 
9796-2 8796-2aa x A 84 ZoG 95.2 eed SylO. 
9789 8789aa x A 81 L4 96.3 4.0 Ey) 
SELF-FERTILE LINES 

8717 Cyne (7, ay, 59 9.14 G3 At x5 6.0 
8719 Inc. 6719 62 0.04 100.0 37.0 Lene 
ave eo) -YR-ER’ 7717® SW Oe 93.8 4.0 L250 
9719C1 YR-ER 7719C1lS 38 1.34 97.4 4.0 Pa 
9720C1 ER-YR 72078 37 O7i0 Oy aS Ha.0 Ale 
ee aCe ER-YR 7203 29 4.83 86.2 5.0 aU 
8722Cl YR-ER 6209&) 38 2.05 94.7 4.0 6.0 
8719BCl1 67198 36 2205 Odie 30 DO 
E840 Inc. E640 68 GClrls Orel: 0) on 
F78-36 Inc. F77-36 (78087) 69 3.62 0173 5e0 Soe 


eee eae ie esl 
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TEST 2580-2: EVALUATION OF HYBRIDS AND BREEDING LINES TO 
ERWINIA ROOT ROT AND POWDERY MILDEW, SALINAS, CA, 1980 





ERR Reaction 


No. 1/ ae 2/ PraMe scoreees 
Variety Description Roots DI-— Healthy— 8/10 8/16 

7758-3 Inc. 6758-3 68 23.09 58.8 50) 6.0 
7758-1 Inc. 6758-1 vs) 155 84.9 PO Face 
9758-1 ER-YR 6758-1 (C758) ha) 2.06 87.9 3.0 7.8 
9767E-1 ER-YR 7563E Sy oron EEG 4.0 Se 
9767E-2 ER-YR 7562E Sa 0.86 89.2 6.0 6.0 
8562 Inc. F66-562 68 14.25 58.8 i ee 625 
8562HO F66-562HO x F66-562 58 15703 58.6 665 730 
F67-563 Lot 7433 67 Tyo Ours 6.0 6:5 
F67-563HO Ingeye 732 79 SvO> 68.4 6,5 fa 
9566 Inc. 7563-30C1 79 ru ote Ba Le 
F78-546 Inc. F70-546 (78156) i bpp ae 96.5 4.0 6.0 
9546E ER-YR 7546E 81 1.20 98.8 a Seo 
9718 THe (oni at SOe) 80 7.84 EO 6.0 od 
9718HO 3718HO x 3718 ao TOL Sie 6.5 8.0 
F79-779 Ine... €779° (79435) We 17.99 68.0 ibs: Zau 
F/79-779HO C779CMS x C779 (79434) 68 29,21 OS ee) 240 
F78-546H3 562HO x 546 (78155) 85 1.65 94.1 6.5 8.0 
9718H3 F66-562HO x 3718 (Iso.) 85 7 toe 78.8 7.0 8.0 
9718H26 &//9HO: x8 3818 (180.7) 78 14535 61.5 6.0 7.0 
9718HL9 8744HO x 3718 (Iso.) cS 12.92 5/e oS 6.5 5 
9718HL11 8755HO" e 3748? (iso 4) 78 yas) 74.4 TiO io 
9718H22 7522HO x 3718 (Iso.)) 80 9.61 iie3 ie 9.0 
8536H22 6522-29HO x F75-536 77 7.84 66.2 8.0 9.0 
9563-30H72 3718HO x 7563-30 85 1572 88.2 7.0 8.0 
MISCELLANEOUS LINES 

9211 inc. 7235" Cb— 39 14.26 59.0 3.0 So 
9212 Inc. 7235 cbeb : 38 4.55 78.9 a. O 6.0 
9217 Inc. 7238 Cb- 35 45.14 20.0 Dhe O 6.0 
9218 Inc. 7238 cbcb 39 21.08 59.0 67.0 Tao 
9219 Inc. 7231 Cb- 36 3207 83.3 7.0 7.0 
9220 Inc. 7231 cbeb 39 10.97 79.5 6.0 iO 
9223 Tne: JZoze0p- 39 0.46 94.9 520 6.0 
9224 Inc. 7232 cbcb 44 24573 63.6 4.0 6.0 
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TEST 2580-2: EVALUATION OF HYBRIDS AND BREEDING LINES TO 
ERWINIA ROOT ROT AND POWDERY MILDEW, SALINAS, CA, 1980 


ERR Reaction 


No. 1/ vs Py -M. Gegress. 
Variety Description Rootes Dis Healthy 8/10 8/16 

5323-05 31 22.68 Ot. 7 4.0 4.0 
7323-012 ap 3.04 92.6 4.0 6.0 
7334-011 30 22.80 a607 2.0 nO 
7335-02 27 23415 63.0 4.0 6.0 
7335-010 29 32.04 Sy ad, 4.0 4.0 
7335-011 27 26374 55.6 Sa) 4.0 
E840 Inc. E640 12 76.00 Sts 530 6.0 
8478-08 28: «928.36 Ws L 450 520 
9337-02 28 8.86 7i.4 eG 8.0 
9437-03 30 10.30 Sas 3 1.0 279 
9450-06 29 18.66 58.6 430 6.0 
9452-05 ‘ 31 9.71 74.2 550 6.0 
US H1OB 546H3 x C17 (86169) 26 40; 54. 6 6.0 £30 
US H1l U836H8 (78016) 29 5.86 89.7 4.0 7.0 
US Hll ° AC836H8 (78050) 28 2.29 89.3 5.0 7.0 
sS El Sprex (1978 lot) 29 4.62 89.7 xO P20 
FODDER BEET . 

M.L.R. Mammoth Long Red ve Oke 80.6 250 0 
Gon. l. Giant Yellow Intern. 61 Dea 82.0 4.0 Ds. 
Hess Kt Half-Sugar Rose Le eed 90.3 3 0 4.5 
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VARIETY TRIALS, BRAWLEY, CALIFORNIA, 1979-80 
Location: USDA-SEA, Imperial Valley Conservation Research Center 
Soil type: Holtville silty clay loam 
Previous crops: 1979 and 1977, cereal nurseries; 1978, sugarbeet tests. 
Fertilization: Preplant: 560 lbs of 46:0:0 and 720 lbs of 11:48:0 on 3 
acres, 


Sidedress: 100 lbs/A 46:0:0. 


Summary: 1979-80 Tests, Brawle California 


Sowing Entries Rows Plot 1980 

Test Date per No. per Length Harvest Test 
No. 19738L/ Test Reps. Plot2/ Rt. Date Design 
B180 9/5 10 4 1 24 7/22-24 oy, 
B280 9/6 16 8 2 24 5/15-16 RCB 
B380 9/6 16 8 2 24 5/14-15 RCB 
B480 9/6 16 8 2 24 5/13-14 RCB 
Obs-1 9/57 16 2 1 24 Observation test 
Obs -2 9/5 16 2 : 24 2 = 


1/ Watered 9/5-7/1979., | 
2/ Rows 32" wide. 


3/ Split-split-plot with 2 inoc. dates and 4 disease trtmts. 


Irrigations: Sprinkled as needed to establish stands. Then furrow 
irrigated on 10/23, 11/29, 2/4, 3/17, and 4/14 with about 4" per 
irrigation. 


Thinned: 9/29-30. 
Herbicide: 10/24, 1 gal. Eptam 7E through irrigation water. 


Diseases and insects: 9/13, 2/3 pt Parathion 6E for flea beetles; 9/24, 
12.8 ounces Lannate for army worms; 10/10, 0.7 1b Lannate for army 
worms and loopers. 1/15/80, 40 pets and 3/15, 40 lbs/A sulfur dust 
for powdery mildew control. 


Harvest and sugar analyses: Plots were dug with polly: s spike wheel lifter 
and sugar analyses made by Holly's tare lab. 


Remarks: Stands were excellent. Test reliability should be good. Effects 
from diseases and insects appeared to be of little consequence. 


We wish to acknowledge J. Robertson and C. Brown, I. V. Cons. Research 
Center, for plot supervision and P. Thomas, Davis, for data processing. 
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VARIETY TEST, WOODLAND, CA, 1979-80 
By Betaseed, Inc. 


Planted: June4, 1979 


25 entries x 6 replications Harvested: May 7, 1980 
Acre Yield 

Gross Rec. Rec. 
Variety!/ Sugar Sugar Beets Sucrose Sucrose Bolting 

Pounds Pounds Tons Percent Percent Percent 
US H9 12,868 10,588 43 eo 14.78 120238 42.4 
US H10 139183) 2808) 07879 42.9 15.26 12.57 42.6 
HH 22 13,186 Poo 42.8 roe 12.97 aOs7 
Y731H8 14,678 11,947 45.8 Lo .os 12.99 Ha 2 
Y731H29 Po. Op? LOSS 19 nee ee 12.30 49.9 
Y741H8 LZ 729 10,030 43.8 14.46 11.44 Doe 
Y¥741H29 Tit oL1 9,157 Soo 14.70 to) ee 2 
Y740H8 P87 26 10,038 Has 14.65 Pieot aed 
Y¥740H29 12,769 95940 44.8 1s deh 17.03 52D 
Mean of test 12,363 a e070 42.0 Lat a7 fee) 69.4 
Poo (05 L293 trite 4.6 0.88 eLO 8.6 
ev” Ch 9.15 10.41 uz oreo Sell 
pene = C562CMS x C546. 29 =_C718CMS x C536. ¥731 = C31E1. 

Qual. Relative Quality Datas! 

Variety Index K Na NH»-N K+Na 
US H9 82.6 96 110 100 99 
US H10 o2.2 105 104 98 105 
HH 22 83.6 100 86 101 97 
Y731H8 SLs5 110 138 101 117 
Y¥731H29 80.4 105 158 98 119 
Y741H8 78.9 106 161 106 119 
Y741H29 7973 98 188 102 120 
Y740H8 78.9 109 162 105 p23 
Y¥740H29 1758 109 178 101 126 
Mean of test 79.6 99 164 100 116 
Topi .05 Cy of 42 3 Ee 


2/ Relative to mean US H9, US H10, and HH 22. 
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Field Evaluation of Root Toughness in Sugarbeet Lines 
Selected for Low and High Fiber Content 


I. 0. Skoyen and R. T. Lewellen 


Studies were continued in 1980 on root toughness (fiber content of 
roots) of sugarbeets. Earlier field studies have been reported in 
Sugarbeet Research--1977 Report, pages A77-A80, -1978 Report, pages A77-A81 
and -1979 Report, pages A61-A64. In 1980, the progeny of divergent 
selections for low and high fiber in three lines and their top-cross hybrids 
were compared for root toughness in two field tests. 


Materials and Methods--Two tests, each with 20 entries, were seeded 
November 21, 1979 and April 4, 1980. The tests included three parental lines, 
their low and high root fiber selections and. top-cross hybrids with F]- 
546H3 and C718HO (Table 1). Root toughness was measured on a single plant 
basis as ft. lbs. pressure required for a blade to penetrate a root 2.54 cm 
deep. Measurements were made in half pound increments. Transverse probes 
were made 1 to 2 inches below the crown. 


As in earlier tests, an Effegi penetrometer (used to test fruit 
firmness at maturity) was used to make root toughness measurements. The 
blade measured 1 mm x 10 mm (10 sq mm cross section) x 2.54 cm long. The 
dial of the Effegi penetrometer has a graduated dial capacity of 27 ft. lbs. 
pressure but pressures to 28 ft. lbs. can be readily interpreted. Root probe 
measurements were made in the field during the first week of October for 
Test 2 and during mid-November 1980 for Test l. 


Results and Discussion--Field tests of first cycle selections for low 
and high fiber showed that root toughness can be significantly changed from 
that of the parent lines (Table 1). Two out of three low fiber or soft 
selections (SS designation) had significantly lower mean probe values than 
the parent lines for both seeding dates. In comparisons of parent lines and 
high fiber or tough selections (ST designation), the selections were always 
significantly tougher than their respective parents in both Test 1 and Test 2. 
Probe values for parent lines although falling about midway between those of 
the respective soft and tough selections were closer to soft selection values. 
Root toughness of test hybrids ranged from intermediate to about the same 
as that of parents and/or selections. Test results demonstrate that 
variability for root toughness exists and that sugarbeet lines can be 
selected for less root fiber. 


The 1980 data also showed that age of plants was a primary factor in 
root toughness with the younger roots from Test 2 averaging about two foot 
pounds less than the older roots of Test 1. A measure of root toughness 
in older plants (Test 1) is shown in the percentage of plants in a population 
that had probe values exceeding 28 ft. lbs. Nearly half the roots of high 
fiber selections 936ST and Y940ST had probe values of 28+ ft. lbs. In Test 2 
less than 20% of the roots of these selections exceeded 28 ft. lb. probe 
values. The Y931ST selection had only 25% 28+ ft. lb. roots in Test 1 but 
about the same percentage in Test 2 as 936ST and Y940ST. 


SS eA 


As observed in earlier tests, bolting has not appeared to be a particular 
condition to root toughness. However, in 1979-80 (a mild season for induction) 
significant differences occurred between parent lines and high fiber 
selections. There were no differences between parent lines and low fiber 
selections. High fiber content may be somewhat associated with bolting 
tendency but additional testing is needed to substantiate this. 


Arranging toughness measurements into frequency classes showed that the 
12- to 20-1b. portion of the distribution accounted for nearly 55% in Test 1 
and 72% in Test 2 (Table 1). The differences between low and high fiber 
selections ranged from 45 to 55% among selections for Test 1 and from 37 to 55% 
for Test 2. The mean percentage for low and high fiber selections and parent 
lines of the 12- to 20-lb. portion of the distribution were: 


Test l Test 2 
to a 
Low fiber (SS) 76 89 
High fiber (ST) 2h Al 
Parent lines 63 al, 


Yield data were taken for Test 2 in 1981 but there were no differences 
for yield per acre or percent sucrose between parent lines and their 
selections. 


The value of lower fiber content in sugarbeet has not been established, 
however, the possibility of easier processing may have a small impact on 
factory energy consumption and higher quality beet pulp byproduct. 


The year to year environmental effect probably has the most important 
bearing on the fiber content of beet roots. Additional testing of parents, 
selections and hybrids is needed to assemble information on year vs. fiber 
content interaction before inferences can be drawn. 
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Fusarium Stalk Blight Resistance 
J. S. McFarlane 


Testing was continued at Salem, Oregon, to obtain additional information 
on the performance of Fusarium resistant selections and on the inheritance 
of resistance. The test was planted by the West Coast Beet Seed Company on 
August 17, 1979, in a severely infested field. Heavy infection occurred 
during the fall months in susceptible breeding lines and many young plants 
were killed. Stalk blight symptoms developed in July and the plants were 
classified August 12. Stalk blight grades are given in Tables 1 and 2. 
Infection among entries range from 0 to 100%. Lines showing high resistance 
in previous years again received good ratings. 


The line 9566 which had been selected from the 563 inbred again performed 
very well. The stalk blight grade determined from 622 plants was .30 and was 
similar to grades obtained in 1978 and 1979. This line was increased in 
1979-80 and seed has been distributed to breeders under the designation C566. 
The male sterile 9566HO with the parentage [(502HO 250370 x 564] x 9566 graded 
1.63. This CMS was backcrossed to 9566 in 1979-80 and a second backcross is 
being made in 1980-81. The 80-81 backcross is being made in a Fusarium 
infested field and another resistant selection is planned. We anticipate the 
resistance of the resulting C566 CMS will be similar to that of C566. 


The line 9536-4 selected from the 4536-97 inbred showed a marked 
improvement in Fusarium resistance. Likewise a selection from the F9 popu- 
lation of the cross 563aa x 502 possessed greater resistance than either of 
the parents. 


Uniformity within and among tests. A portion of the entries in the 
1980 test was replicated four times and the results were analyzed statistically 


(Table 3). The grade differences among inbreds were highly significant. 
Grade differences among replications were substantial for some inbreds 
(2.60 to 3.94 for 564aa). The coefficient of variation was 8.45%. Ina 
similar replicated test conducted in 1976 the coefficient of variation was 
16.437. 


Comparisons were also made with previous tests to determine year-to-year 
variation (Table 4). Severity of infection varied greatly from year to year 
but the relative resistance or susceptibility of the various breeding lines 
remained fairly constant. This was especially true for the highly resistant 
and the highly susceptible lines. Breeding lines with intermediate resistance 
tended to vary more widely from year to year. These results show that 
variation in severity of infection varies from year to year and also from 
one portion of the field to another. These variations in the infection 
tended to distort the results and make it difficult to obtain reliable 
inheritance information. 
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Tabilewels 


Evaluation of inbred lines to Fusarium 


stalk blight, Salem, Oregon, 1979-80. 





Inbred 


§554 
9804 
6554 
9803 
9566 


9802 
8563 (Or 
F/? OH 
953: 
9505-32 


F/9-7/9 


9566HO 


8564aa Iso. 


1502HO 
8562 
Jo22 


8562HO 
9522-14 
F67-563HO 
9718 
9718HO 


8563aa 
8564aa 
4536-97 
8564HO 
8564 
6564H0 


Description 


S14 of NB4 inbred 

Inc. (563aa x S14 of NB4) 
NB4 inbred 

Inc. (564aa x S14 of NB4) 
Fusarium res. sel. F67-563 


Inc. (564aa x NB4) 

Sy4 of 563 inbred 

CMS of 779 inbred 

Fusarium res. sel. 536 inbred 
Fusarium res. sel. Fj (563aa x NBL) 


Yeliows res. inbred 
#9o-laa x A- 

Yellowsres. inbred 

7790DHO x T-O sel. 8790D 
Yellows-Erwinia res. inbred 


Yellows-Erwinia res. .inbred 
CT-bolting res. inbred 

563HO x Fusarium res. sels. 
Yellows-Erwinia res. inbred 
Fusarium res. sel. Fo(563aa x NB1) 


((502HO x 563) x 564] x 566 
4564aa x 5564Aa 

CMS of NBl inbred 

Inc. F66-562 

CT res. inbred 


F66-562HO x F66-562 

Fusarium res. sel. 522 inbred 
CMS of 563 inbred 

Yellows res. inbred 

CMS of 9718 


2563aa x 5564Aa 

((563aa x 502Aa) x 563Aa | x 564Aa 
CT res. inbred 

2nd be of (502HO x 562) to 564 

CT res. inbred 

4564HO x 5564 


Now, 
Plants 


184 


1/ Stalk blight rated on scale of 0 to 4 with 0 = no disease 
.and 4 = dead plant. 


Gradel/ 





-O1 
. 09 
«7 
18 
30 


sa 
-46 
-48 
.76 
86 


Table 2. 


Entry 


8102 
9104 
9102 
F79-31 
8101 


9105 
8505H2 
F78-36 
E937 
9103 


F70-17 
813 
9566H21 
9566H26 
8505H22 


F78-546H3 
9566H72 
6564H1 

» 704-15 
904-15ER 
7522H21 


Evaluation of open-pollinated lines and hybrids 
to Fusarium stalk blight, Salem, Oregon, 
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Description 


7564aa x NB4 


8564aa x NB4 
(6564HO x NB4) x NB4 
Inesec3 lE2 

6564HO x NB4 


8564aa x (7564aa x NB4) 
502HO x Fusarium res. 
Erwinia res. sel. 
Erwinia res. sel. 


(6564HO x NB4) x 8564 


C17 pollinator 
C13 pollinator 
4536-97HO x 566 
8779HO x 566 

5522-29HO x Fusarium res. sels. 


562HO x 546 
3718HO x 566 
(502H0ex 8563 )ex 564 


CT res. 


Erwinia res. 


sel. Y804 


o26=9700ex 522 


C13 
C17 


sels., 


sel. 504-15 


1979-80. 
No. 

Plants Gradel/ 
250 -08 
353 ole 
202 we 
110 nee 
221 oat) 
274 <A 

30 «41 
80 63 
74 -64 
267 POL 
26 Le ke 
Te tech 
36 1.44 
23 ee 
36 7 
66 2206 
22 Zoe 
76 OS 
40 3503 
23 Sebo 
2S P22 


1/ Rated on scale of 0 to 4 with 0 = no disease and 4 = dead plant. 


Table 3. 


Inbred 


6554 


9566 Iso. 


9566 Sp. 
9566HO 


F67-563H0 


8564aa 
8564H0 
8564 


eee 


LSD (¢.05 
CoV. (7% 


F value** 


Fusarium stalk blight grades of sugarbeet inbreds 
replicated four times in a test at Salem, Oregon, 
1979-80. 


OO errr 


Description 
a ee 


Bolting res. inbred 


BUS eres ."Seu.. 
Fus. res. sel. 
[(502HO x 563) x 564] x 566 


F67-563 
F67-563 


CMS of 563 inbred 


|(563aa x 502Aa) x 563Aa| x 564Aa 


2nd @DChOr aCIUZNU x Ode) L 
CT“tres 


inbred 


nn 


0 564 
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Table 4. Variation in Fusarium stalk blight grades’ of 
sugarbeet breeding lines for the years 1976-80. 


Breeding 1976 ie a 1978 L979 1980 





Line Grade 

6554 -- 09 .08 08 ay, 
8554514 04 -- . 10 .09 aU 
8564 3.86 3.60 Sig he -- 3.97 
8564H0 -- 4.00 3.09 -- 3495 
1502HO 239 -40 af | -- Eee 
F67-563 2.48 2.90 130 -- -- 

F67-563HO -- 2.20 L400 -- 2.49 
toe rita) 200 $35 -- iG. 
4536-97 On 2h 2.90 1230 -- a eo 
9566 -- -- a2 25 ou 
Ci3 -- -/0 07 ces oe 
6564H1 1 G2 te 2 .09 267 3.03 
TIZ20e4 2.07 1.00 45 L375 seen 


Inheritance of resistance. Stalk blight resistance evaluation tests 
conducted during the past five years have shown a great range in resistance 
among breeding lines developed at Salinas. The inbred 554, also known as NB4, 
rarely shows any diseased plants whereas all plants in the 564 inbred are 
either killed or badly blighted (Table 5). Crosses have been made between 
the two inbreds and the hybrids then backcrossed to both the resistant and 
susceptible parents. These hybrids together with F, populations were 
evaluated for resistance in 1980. Data from all populations showed conclu- 
sively that resistance is dominant. The mode of inheritance could not be 
definitely determined because the parents were not completely homozygous 
and some variation occurred in the test field. The results indicate that 
resistance is not monogenic and is determined by at least two genes. 


A hybrid between the resistant 9566 inbred and the moderately susceptible 
6564H1 male sterile parent segregated for resistance and the offspring 
received a stalk blight resistance rating intermediate between the two parents. 
The results suggested that more than one gene was involved and that neither 
of the parents was homozygous. 


Linkage studies. Many of the monogerm inbreds developed at Salinas are 
susceptible to stalk blight whereas most of the multigerm inbreds tend to be 
resistant or intermediate. We suspected that there might be a linkage between 
susceptibility and the monogerm character. Hybrids were made between suscep- 
tible monogerm parents and resistant multigerm parents. Segregating Fo and 
backcross populations from these hybrids were observed for stalk blight 
susceptibility (Table 6). Each monogerm plant and each multigerm plant was 
graded. Average grades for the monogerm and multigerm plants in each 
population were computed. In four of the populations the stalk blight grade 
level was slightly higher for the monogerm plants and in the fifth population 
the level was slightly higher for the multigerm plants. If any linkage 


occurs, it is very loose and would not be a factor in a resistance breeding 
program. 
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Table 5. Fusarium stalk blight grades of sugarbeet hybrids 
and of their inbred parents. 


No. 

Entry Description Plants Grade 
8554014 Sj4 of 554 inbred 184 Ol 

NB4 inbred 125 eke. 
8564aa Mendelian male sterile of 564 165 3.47 
8564 Inbred line 145 a 
8564HO Cytoplasmic male sterile of 564 80 epee 
8563aa Mendelian male sterile of 563 28 SLs 
9104 564aa x 554 353 Eee 
9102 €564H0>x"554) -x' 554 a 202 Ls 
9105 S64aa x (564aa x 554) 274 41 
9804 Fo (563aa x 554944) 187 09 
9803 Fy (564aa x 554 14) 275 ao 
9802 Fy (564aa x 5545 230 -30 
F67-563 Inbred line 233 2.48 
F67-563HO Cytoplasmic male sterile of 563 226 Zao 
1502HO 3 ” a OL e707 26 leo 
6564H1 (502HO x 563) x 564 76 SoS 
9566 Fusarium resistant selection 563 622 30 
9566HO 564H1 x 566 196 P63 
4536-97 Inbred line 34 gar k 
9536-4 Fusarium resistant selection 536 68 2/6 
9505-32 a 2 u F5(563aa x 502 IF a7 


Table 6. Comparison of the Fusarium stalk blight susceptibility of 
multigerm (MM) and monogerm (mm) sugarbeet plants in 
segregating populations. 


_ Population Multigerm Monogerm 
No. Ave.L/ “No. Ave. 


Plants Grade Plants Grade 


(Susceptible mm x Resistant MM) x Susceptible mm 144 sok 20 ee 
Susceptible mm x (Susceptible mm x Resistant MM) 150 -48 124 oe 
Fo (Susceptible mm x Resistant MM) 178 20 a2 he 
Fo (Susceptible mm x Resistant MM) 176 gl 2 99 20 
Fo (Susceptible mm x Resistant MM) 138 .08 49 oie 

Ave. all populations 786 — 447 54 


1/ Rated on scale of O to 4 with 0 = no disease and 4 = dead plant. 
Grade is average for number of plants observed. 
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INTERS PECIFIC HYBRIDIZATION 


Homozygous Nematode-Resistant Sugarbeets 
and Phenomena of Resistance Transmission 


Vm A ae YaUE 


Self pollination of self-compatible and interpollination of self- 
incompatible sugarbeet plants that were heterozygous for nematode resistance 
gave 674 out of 1,671 (or 40.3%) progeny plants that were resistant. A total 
of 184 S5 and F3 families derived from the resistant S; and Fg parents were 
screened for nematode resistance transmission. In screening the So and F3 
generations for 100% nematode resistance, a family was discarded if one or 
more susceptible plants were found. Among the 184 families, five of the Sj 
parents gave progeny with 100% nematode resistance. There were no susceptible 
plants segregating in each of these families based on the examination of the 
available seedlings. These results indicated that the parents of these five 
families were homozygous for the resistance factor(s). Excluding the five 
homozygous resistant families, the average rate of transmission of nematode 
resistance from the heterozygous Sj parents was 41.8%, i.e.,-442 out of 1,057 
plants were resistant. This rate ranged from 28 to 59% within the 25 S9 
families that had been subjected to three screenings. On the other hand, no 
family was found with 100% transmission of resistance among 34 F3 families 
derived from the self-sterile group. These results indicated that about 
2.7% (5 out of 184) of the: resistant progeny or 1.1%. (2.7% of 40.37) Obagi 
progeny, including resistant and susceptible, obtained from self or inter- 
pollination of resistant heterozygotes were true-breeding for nematode © 
resistance. Although this recovery frequency is low, the knowledge and 
plant materials obtained in these tests are important in terms of developing 
sugarbeet lines with homozygous nematode resistance. The recovery of 
nematode resistant homozygotes demonstrated that achieving homozygosity of 
the resistance factor(s) in sugarbeet is feasible and that these plants are 
viable. 


Both S, selections 3552 and 3584 were plants true-breeding for nematode 
resistance and with green hypocotyls. Except for two plants, all S., progeny 
of 3584 showed a comparatively uniform growth profile. Leaves of 3584 
progeny plants were slightly smaller and darker green than typical for 
other sugarbeets, yet the inflorescences of these plants were normal. A 
small amount of selfed and open-pollinated seeds were harvested from several 
‘S» plants of 3552 and 3584. Transmission frequencies of nematode resistance 
from S9 plants of 3552 and 3584 to their progenies are shown in Table l. 
Excluding progenies of the two exceptional Sy parents (No. 776 and 783), 
98.4% of the selfed and open-pollinated progeny of these S's were resistant. 
The remaining 1.6% of progeny (five plants) were susceptible. These five 
susceptible plants contained 11 to 24 cysts (in one of the three tests) 
which were beyond the arbitrary criterion of 10 cysts or less per plant for 
resistance in our screening procedure. In contrast to the abundance of 
cysts on roots of the susceptible sugarbeets, these four plants could be 
classified as moderately resistant. 
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Of. the two exceptional 3584 progeny plants, No. 776 had a red hypocotyl 
and No. 783 had an erect growth profile at early developmental stage. More 
than 50% of their self-pollinated progenies were susceptible to nematode 
(Table 1). These two "S5"' parental plants were undoubtedly heterozygous for 
nematode resistance. The heterozygosity probably resulted from outcrosses 
to stray pollen grains. Transmission of resistance to 45.9% of their selfed 
progeny was only slightly higher than that of the resistant heterozygotes at 
earlier generations, i.e., 40.3% and 41.8%. With normal transmission of a 
single heterozygous, dominant allele, 75% resistant plants would be expected. 
This suggested that resistant heterozygous progeny derived from a resistant 
homozygote acquired little enhancement in rate of transmission of resistance. 
It provided additional evidence that plant 3552 and others were homozygous 
in order to produce a’ transmission rate of 100% for nematode resistance. 

Thus gametes, at least the megaspores, of resistant homozygotes conferred 
resistance to progeny regardless of the genetic constitution of gametes with 
which they united. 


Resistant homozygotes were not found in 34 F3 families of the self- 
sterile group. Sugarbeets with homozygous nematode resistance should be 
obtainable from interpollination of Fy resistant plants. However, all 
parental plants in the interpollinating group would have to be homozygous 
for nematode resistance in order to produce F3 progeny that will breed true 
for resistance in the following generations. Reciprocal crosses between a 
resistant homozygous Fy and a resistant heterozygous Fy would produce only 
resistant F3 progeny if resistance were dominant and contamination with 
foreign pollen did not occur. In these cases, the proportion of progeny 
that would be homozygous for resistance will depend upon the rates of trans- 
mission of resistance through the eggs and pollen of the heterozygous parent(s). 
Additional progeny tests would be needed to identify individuals that breed 
true for nematode resistance from these families. Therefore, in future 
breeding of nematode resistant sugarbeets where only one side, whether male 
or female, is homozygous for resistance, only the first generation hybrids 
could be used as resistant commercial varieties. In parental line breeding 
and development after the F, generation, it would again be necessary to use 
progeny testing to identify true-breeding individuals. 
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Table 1. Transmission of nematode resistance of progeny from resistant 
homozygous sugarbeets 3552 and 3584. 


Je 808 
809 
810 


3584 726 
731 
Too 
735 
137 
743 
744 
745 
747 
749 
750 
jou 
755 
755 
759 
765 
766 
767 
768 
770 
770 


J 'hgh 
713 
778 


35842/ 776 
783 


No. of plants tested 
Source Crossl/ Total 


16 
Zo 
2 


No 


rg 

° 

he 
MrEAWOUODAWOrFr WOAH © 


SCOMDMMWHSOGHSCHHBWMDHOPDPBOOSGSCHBB BBD 


rg 
> 
— 


l8® 
rg 

3 | 

oO re 

HD INnskl 


76 
9 


170 


® @ 


NR 


16 
23 
ie 


N 


re 
FDO UOADAWOW Or CD O 


mH Noe 
cow oFf 


- me 
OoOUOUNON 


14 
5 
Z 


301 
(98.4%) 


35 
43 


78 
(45.9%) 


NS 


re 


was eo 


41 
51 


92 


ee | 


Remarks 


Seed set was poor 


One NR plant had tall growth profile 


The 


The 
The 


The 
one 


The 


NS plant 


NS plant 
NS plant 


NS plant 
NR plant 


NS plant 


had 


had 
had 


had 
had 


had 


16 cysts 


20 cysts 
24 cysts 


1l cysts; 
red hypocotyl 


15 cysts & red hypocotyl 


Abundance of cysts on the roots 
of most NS plants 





1/ ® = self-pollinated, progenies showed some degrees of inbreeding depression; 
O.P. = open-pollinated. 

2/ Plant No. 776 (red hypocotyl) and No. 783 (erect petioles) were heterozygous 
for the resistance, probably as a result of pollen contamination. 
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INTERS PECIFIC HYBRIDIZATION 
VULGARIS -PROCUMBENS HYBRIDS 


Helen Savitsky 


In 1980 the nematode-resistance transmission from Fy to the F 
generations was studied in self-sterile and in self-fertile hybrids. The 
main purpose of these investigations was the detection of homozygous 
nematode-resistant plants that transmit resistance to all their offspring. 
Homozygous nematode-resistant plants may be detected in the F3 and in all 
following generations. To study nematode-resistance transmission, 563 F. 
plants from 25 F, self-fertile populations were tested. Transmission of 
resistance to the F3 was higher than to the Fy generation and varied in 
self-fertile populations from 33 to 65%. The average transmission rate was 
60%. However, no homozygous resistant plants were detected in F3 self- 
fertile populations. From 32 Fy self-sterile populations, 1,477 F3 plants 
were tested for resistance. The transmission rate in the F3 generation 
varied from 33 to 53%. The majority of the Fy populations transmitted 
resistance to 38-49% of the F3 plants. 


Two F3 homozygous self-sterile nematode-resistant plants were selected 
and pollinated by nematode-resistant heterozygotes. The first homozygous 
plant transmitted resistance to 100% of the F, offspring and to 88% of the 
reciprocal cross. The second homozygous plant transmitted resistance to 100% 
of its offspring and also to the reciprocal cross. Work is now being concen- 
trated on the development of homozygous nematode-resistant lines from these 
two nematode-resistant plants. All F) resistant plants obtained from this 
hybridization are now at different stages of experimentation. Some plants 
are being exposed to thermal induction, some have been crossed, and some F9 
progenies have already been tested for resistance. 


Two methods are used to produce homozygous nematode-resistant lines. 
(1) Intercrosses are made between Fj plants to maintain and increase the 
basic group of homozygous and heterozygous Fy plants that transmit resistance 
to 100% of the Fy offspring. From these plants new homozygous lines can be 
obtained. (2) Resistant F, plants are pollinated by nematode-susceptible 
plants followed by the hybridization of those F, plants that transmitted 
resistance to 100% of their Fy progenies. 


Cytological investigations and the study of nematode-resistance 
transmission in diploid nematode-resistant hybrids indicate that very few 
homozygous nematode-resistant plants will appear in F, hybrids derived 
from hybridization of homozygous and heterozygous resistant plants. This 
is caused by ‘the inadequate transmission of resistance by female and 
especially by male gametes from resistant heterozygotes. 
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Investigation of transmission of nematode resistance in F,; hybrids derived 
from hybridization of homozygous and heterozygous resistant plants 


Some F, plants derived from the first and second homozygous plants and 
their reciprocal crosses were intercrossed. Others were pollinated by 
nematode susceptible plants. In the group of intercrossed plants the 
progenies of 49 F, plants from the first homozygous plant and the progenies 
of 16 Fj plants from the second homozygous plant were tested for resistance. 
Of the 49 F, plants, 14.3% transmitted resistance to all their offspring. 

Of the 16 Fy plants from the second homozygous plant, 56.3% transmitted 
resistance to all their offspring. From the group of plants crossed with 
nematode susceptible plants, progenies of susceptible and resistant plants 
were tested for resistance. Of 77 Fy hybrids from the first homozygous plant, 
28.6% transmitted resistance to all their offspring. Of the 34 F, plants from 
the second homozygous plant, 55.9% transmitted resistance to 100% of their 
offspring. The rate of resistance transmission was much higher in the Fy 
plants derived from the second homozygous resistant plant. Probably the 

B. procumbens segment in these plants was shortened and this facilitated the 
transmission of the chromosome bearing the B. procumbens segment. 


Two homozygous resistant plants and two plants of their reciprocal 
crosses that transmitted resistance to 100% of the F, offspring were detected 
last year. Experiments conducted with F, plants derived from those plants 
with 100% resistance transmission resulted in a considerable increase in the 
number of plants that transmitted resistance to 100% of the Fo offspring. 

The Fg plants derived from plants with 100% resistance transmission after 
intercrossing of F, plants will be crossed with each other to maintain a 
population from which many new homozygous resistant plants can be selected. 


Some Fy plants transmitted resistance to 80 and 90% of the Fy offspring. 
These F2 progenies, together with the Fy progenies derived from Fy hybrids 
with lower transmission rates were eliminated. The Fj plants that transmitted 
resistance to 100% of the offspring of susceptible plant hybrids will be 
crossed for production of homozygous nematode-resistant lines. 


The results of investigations conducted in 1980 indicate that some 
nematode-resistant lines can be released in 1981. 
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I. EXPERIMENTAL FIELD TRIALS 
J. C. Theurer & D. L. Doney 
Agronomic Data 


Soil Types: North Farm -— silty loam 
Farmington Farm — sandy 


Fertilizer: 950 lbs/acre of 16-20-0 


Planting Dates: Farmington Farm - April 17 and 18 
North Farm - May 2 


Note: Chemical treatment for weed control was not made 
on any experimental plots in 1980. This was be- 
cause of the toxicity of Nortron on the sugarbeet 
experiments and also on cereal grain crops follow- 
ing sugarbeets during the 1978 and 1979 growing 
seasons. , 


Thinning Dates: North Farm - June 4 to 6 
Farmington Farm - May 16 to 20 


Irrigations: Sprinkler irrigated at both farms until two weeks 
prior to harvest 


Harvest Dates: North Farm - October 9 to 10 
: Farmington Farm - September: 20 to 30 


Harvesting Procedures: Tops were removed by beating twice with a rotobeater 
then topped and dug with a two-row harvester. 
Beets/plot were counted as they went into a weigh- 
ing basket on the harvester. Two 10-beet samples 
were taken at random from each two-row plot for 
sugar analysis. All beets in each plot were 
weighed to determine root yield. 


A. COMMERCIAL VARIETY TEST 


Fifteen commercial hybrid cultivars, USS2/3, and five Logan experimental 
varieties were planted at the North Farm in six replications. Individual plots 
were two rows, 22 inches apart, and 40 feet long. An excellent stand was ob- 
served for almost all plots and very few plants showed any curly top. Yield, 
sucrose percentage, and quality factors are listed in Table 1. GW77MSH122 had 
the greatest gross sugar of all entries. GW73, ACH130, and Bush Monofort were 
also significantly higher in gross sugar than GWD2, which we have used as ahigh 
yield check for several past years. USH11 and US22/3 were the only varieties 
having significantly less gross sugar than GWD2. The experiment line, g237, 
which is an open-pollinated selection out of our selection methods program, 

was the best Logan experimental variety. However, other experimentals were not 
different in sugar yield than GWD2, UI8, AH10, or AH14. GW77MSH122, ACH130, 
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and g237 were high tonnage varieties. UI8, Hilleshog, Monorica, Bush Mono- 
fort, and ACH31 were the varieties having the highest sugar percentage. 


The experiment hybrid, h237, had significantly the poorest quality as indica- 
ted by a high index score of 707. GW/77MSH122, the high yield hybrid, also 
had poor quality. UI8, Bush Monofort, Hilleshog Monoricca, and the other 
Logan experimental hybrids were good for quality factors. 


Table 1. Root yield, sucrose percentage, and impurity factors for commercial 
and experimental hybrids, Logan, Utah, 1980. 


Gross Root 


Sugar Yield io N K Na 

Variety Lb/A T/A Sugar ppm ppm ppm _ Index 
GW77MSH122 SICGwe 2 fe oe eter oeve O29) 228. 631 
Bush Monofort Of Dee a2 5s Ole cere eee tO 437 
GW73 86465) 25.8 S676) 40450327 210 483 
ACH130 S630 26) Ome lus memset oGUsm 2 gs 545 
GWR1 65259 2505" eiGsa. deze ~ 148 480 
237 S522 20.4 Lomo 59 390 66707 
Beta40619 Chas ae lOT oe a LOsomme Ce OOmLOtyer sos 866576 
mitlesnog Monoricca 8276 23.2 17.8 = 342°1329 9324 444 
ACH31 Sle we 230 Gee ely eee See 462 
UI8 Top cae 22che eel Ome se le 500 me oo) | 424 
GWD2 TESS 20S Loe eee AZ olLoee1o9 6) 528 
71181 LO 23.5 LO Ome ero eo) 2455 
HH28 71 35a eds? Melon e567 i427 e 200. 8498 
USH20 16758" 2379" 1G O wr Ge 30RloD4 298 9547 
AH14 (DPE cee A meee Um Soom zon). 544 
41285 LS ZT 2252 wd Oe eet) Lf et ene 3-7 0) 
AH10 PSUR E22 ae Los Me Oe Ome 8 574 
71183 U3 2 222 Si bebe oe egos e250 4 LO 
0459 Leu eee 22s ae Oro eon set eee lore «425 
US22/3 706 CE oe 1 Ss I Ge ett) rib Ct Once Ss Omen) 7-7. 
USH11 S009. 22.4. dosd eee tio LU 03 
LSD» .05 F403") 22:03 0.6 Oe oo "69 82 
F Seale 85555 LEO lLaxees eo. 90" 89603 745 
eee B22 Tie 4 ete Chie Lond 2c Db Ae ee 
Mean 7949 24.0 LOt Se t400F 1G LB? 923.9 510 


B. FIELD TEST — NEW LINES 


Several promising new lines and hybrids have been generated over the past few 
years from our selection methods research. A number of these lines and hybrids 
were tested in a replicated field trial with some of the best commercial hy- 
brids of the intermountain area (Table 2). 
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Table 2. Yield, sugar content, and impurity data for new lines, new hybrids, 


and several commercial hybrids. 





Gross’ Root 


Sugar Yield Sugar N K Na Root 
___ Variety Lb/A G/A he ppm ppm ppm Index No 
2232 6850 20. 95 el Gees 279 1987 306 541 64 
2234 6826 20nd 276 1760 306 506 60 
g235 7250 21 eer Oe. 262 1606 279 463 73 
¢236 6618 19. 96aeLb255 248 1839 326 495 60 
g237 Tore 2A OO), 238 1687 289 446 70 
2238 6206 Loe a eto sw 2 336 1954 319 581 57 
g239 6429 oT OME ay 312- 1950 305 542 59 
g242 5816 Ti 2o0 pele 32), 2158 343 620 50 
g246 5449 13. Ose 1452 206 1802 301 542 55 
g247 6946 21, 00s. Lbs 238 1804 286 491 58 
28D22 7047 ths ode Log 4 276 1443 288 448 67 
2228 6069 Lo. 2he Loe/d 225 1739 203 466 58 
g229 6148 LO. O09 mlb s 305 1827 301 3S ra 
h8 6858 ZL. OS ee Lo e29 296 1808 BoD Doe he 
UI8 6717 20.085 16572 242 1410 193 396 re 
£354 Lia2 Zhe meloaog 2i1 1756 306 498 65 
L735 6809 20; 958.6625 193 1447 196 385 70 
i76 5992 LO. 7 Lee 16202 281 1768 179 ZL 65 
GWD2 8025 20, Shed le 238 1670 1) 414 78 
AH10 7900 23299" LOn42 198 1322 A71 309 79 
28E32 6158 2074555156.06 24.1, 1850 268 ae 72 
28E44 8400 22-904 18434 249 1758 236 422 77 
28E49 7142 21,10 916497 oie, 1718 303 480 74 
28E54 6845 21.008 L6a92 301 1862 eds Doe 62 
LSD (0.05) 815 2.40 0.83 73 274 94 91 10 
F eek 2.80 JeOO" 2.24 3. Loko Seo 4.53 
Give Lge 10.0 4aSme2a.2 14.0 B00n Lows 14.0 


Open-pollinated selections havea letter as the first digit in their code, 
whereas hybrids have a numeral as the first digit. 


Of the open-pollinated lines, g237 and g235 are the most promising (Table 2). 
These are sister lines generated from a root yield and specific gravity 
Selection method. Line g237 has been tested in seven field trials over the 
past four years in which hybrids UI8 and AH10 were also entered. The mean 
result of these seven tests is shown in Table 3. This line shows promise as 
a future breeding line. 


Lines g232 and h8 are selections from our hypocotyl diameter selection method. 
Line g232 has been tested in four replicated field trials between 1977 and 1980, 
in which hybrids UI8 and AH10 were also present. The mean of the four tests 
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Bor 252, UI8, and AH10 are given in Table 4. This line shows some promise; 
however, it has a lower than acceptable sucrose content. The hypocotyl 
diameter selection method has been shown to increase yield but at the expense 
of a reduced sucrose content. This selection exhibits a similar selection 
response. 


The most promising hybrid appears to be 28E44 (Table 2). It has a good root 
yield and a very high sucrose content. This hybrid has not been tested pre- 
viously, however, these results suggest additional testing. 


Table 3. Root yield, sucrose content and yield for g237, AH10 and UI8 summed 
over seven tests conducted in the years 1977 and 1980. 


Total Root 
Sucrose Yield Sucrose 


Variety Lbs/A T/A i 

g237 8229 25.64 16.10 
UI8 #935 24533 16.35 
AH10 7726 24.28 153839 


Table 4. Root yield, sucrose content, and total sucrose for g232, UI8, and 
AH10, summed over four tests between 1977 and 1980. 


Total Root 
Sucrose Yield Sucrose 


Variety Lbs/A T/A h 

g232 7544 24.48 L554 1. 
UI8 7697 23.092 16.08 
AH10 7677 24.03 Teor 


C. FIELD TEST OF OLD ‘HIGH, YIELD HYBRIDS 


Twenty-two experimental varieties that had shown good sugar yield for at least 
one or two years at one or more locations were re-evaluated for their gross 
sugar yield. Not only were we interested in gross sugar per se, this value 
also would represent the amount of fermentable sugar that would be available 
for alcohol fuel production with no concern as the amount of impurities of a 
variety. 


GWD2 and AH14 commercial varieties were planted as checks. Individual plots 

in the trial consisted of two 56-cm (22 inches) rows, approximately 12 meters 
(40 feet) long. The entire plot was harvested to determine yield, sugar per- 
centage, and quality factors. Data of this test are given in Table 5. 
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Table 5. Root, yield, sucrose percentage, and impurity factors for re-evalua- 


tion of old Logan hybrids, North Farm, Logan, Utah, 1980. 


Gross Root 
Sugar Weight Sugar Amino Sodium Potassium 

Variety dt/ha t/ha 4 N ppm ppm Index 
GWD2 ODS g Oris sn wey o 236 1477 5/ tam 
AH14 B71 so wi ae 15,80 471 308 1560 615 
L29X630+a OH sly el se. 16.48 378 220 TTL 447 
L6X631+a 13.81. 44.98 16.41 B95 7 a Den 473 
L8X50+10 78.06 47.65 16.40 381 LS 1195 453 
L8X50+10 Padre Lia teoeh 16.19 442 210 1568 563 
(L27XL29) XL5) XL10 89.22 03.36 16.58 392 268 1002 445 
(L29XUS22) XL10 J/ 530 45.00 15,98 422 316 L343 544 
(E131X030) XL10 88.81 53.20 Oe te 477 385 1054 525 
(E131XL9) XL10 92220-.06~.08 16.44 444 Zo 1264 i 
(L33XL29) XA7134 90.68 57.90 Lon fa 478 391 L347 608 
(L29X0v1) X(L5X00. 2) 86.54 52.62 16.48 419 198 yoke 495 
(L28XL19) X(L5X00. 2) SO. DOeaws Lig LS 443 Af 1297 487 
(13350198) X (126X632). 982.55) soe 16.03 427 288 L213 eres 
(E2555) Roe SZ fem Boe 16.16 Die 245 1268 567 
(FC601XL5) XL37 92.20 “56.66 16,28 469 188 1433 550 
(CMS 9XL37) LO? ae Poe Oo.. ae L6sL3 507-9354 1497 624 
(E132X030) XL37 95.93 56.29 16.90 Dd 5 263 1502 617 
(LI2ZKG7 )XA7135 Sil ee ee hos O35 493 288 Log 588 
(L29XL20) XA7135 32-00 or, 65 i e20 449 244 AD 225 
L29XL38 Oe odd ed. ant 15. 99 440 LD 1354 545 
CMS 9XL38 97.68" 64 224 bone. 417 529 TiS 681 
(L9XL53)X9540 94.64 58.43 165.8 417 250 1433 Soe 
(L29X)v2)XL19 89.29 49.68 14.99 415 179 Py 426 
Mean OGeL0) OA sea 16331 485 269 1330 539 
LSD .05 7.88 4.65 0.574 75.76 404-59 LOZ. Z4 71.88 
CG. Vs a8 heDe oo 3.04 4.184 3a.07 125 05 11.68 


Only one variety, CMS9XL37, had Significantly greater gross sugar than the 
GWD2 check. Two additional hybrids (E132X030)XL37 and CMS9XL38 were better 
than AH14. The two CMS9 hybrids were superior to GWD2 for root yield. All 
entries exceeded 15 percent sucrose percentage. Varieties with L19 as a parent 
were highest. Impurity index values ranged from 426 to 681. Seven entries 
were significantly lower in impurities than GWD2. CMS9X38 is a line having 
excellent sugar yield and rather poor quality, and thus would be more accept- 
able as a fuel beet than a variety for crystallized sugar production. 
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II. SELECTION FOR ROOT/LEAF RATIO 


JMG DneuUrenr 


Results of studies by F. W. Snyder, etal. have suggested that selections based 
on R/L ratio could be used to effectively improve sugarbeet production. 
Selections have been made in controlled greenhouse sandbenches at Logan in 
three different populations. However, seed of only one population has been 
produced in sufficient quantities to be field tested. This test was trans- 
planted to the field a few years ago. The high R/T ratio selection was no 
better in yield than the parent but did show significant improvement in sucrose 
percentage. 


In 1980, we established a field trial to compare the root/leaf ratio with 
different selection methods. Al] selections were made from a highly hetero- 
geneous population, 6F3. Selections compared were: 1) two lines descending 
from individual plants selected for large hypocotyl diameter in the greenhouse 
(GH RD sel.), 2) a line selected in the field for large root/leaf ratio after 
60 days growth (R/L E sel.), 3) a line selected for high root weight after 60 
days growth (RW E sel.), and 4) a line selected for large root weight at har- 
vest (RW MR sel.). The parent population, and two commercial sugarbeet variet- 
ies, GWD2 and AH1O, were included as checks. The field plot consisted of 

two 56-cm (22 inches) wide rows, approximately 12 meters (40 feet) long, in 
four replications. The entire plot was harvested for yield and a sample taken 
for sugar determination. Results in Table 1 show that the 6F3 parent gave the 
greatest gross sugar. There is some self fertility in the parent population 
6F3; therefore, inbreeding may account for some of the yield differences be- 
tween the parent and the selections. The root weight selection after 60 days 
growth was the least productive in sugar yield with only 58 dt/ha. The early 
root/leaf ratio selection had the highest gross sugar of the selection lines 
which was mainly due to the high sugar percentage of this line. This again 
demonstrates the validity of R/L ratio as a selection method for increasing 
sucrose content. 


Table 1. Root yield, sucrose percentage, and impurity factors for selections 
in population 6F3, Logan, Utah, 1980. 


Gross Root Amino 

Sugar Weight Sugar N Sodium Potassium 
Variety dt/ha t/ha A ppm ppm ppm Index 
GWD2 Vas07) 46.67 15.90 336 136 beats, 485 
AH1O Deo 4780.15 15.49 303 168 1697 508 
pie Selves) 213) 047.52 16.20 362 ra 1810 549 
RW E Sel. Bocuse) 30.75 Loa 362 299 1595 548 
GH RD Sel. 74.69 47.72 ibs 280 363 1277 465 
GH RD Seis )65:47 542.95 L5923 443 357 1995 701 
RW MR Sel. 74.23 46.48 15.98 352 229 1708 540 
6F3 Parent 80.44 51.24 Lovee 3L2 226 1641 yh 
Mean WOsGU wth, 94. 15.74 344 249 1660 539 
LSD .05 14.29 Boe OFF 4. Ok oS OF 221.64 65.355 


CiNias hide D eh 6:27. 6 T3599 7G te 
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III. PHYSTOLOGICAL SELECTION 


D. L. Doney 


Cellular level investigations over the past two years have revealed an inverse 
relationship between cell size and sucrose content. This relationship is the 

physiological reason for the negative correlation between sucrose content and 

root yield which has significantly affected progress in increasing root yield 

while maintaining or increasing sucrose content. 


Genetic studies suggested that increasing root yields while maintaining high 
Sucrose content can be achieved by selection for fast cell-division rate rather 
than for large cell size. Unfortunately, many of the past selection methods 
for increasing root yield have capitalized on cell size, which in turn has 
resulted in higher root yields and lower sucrose concentration. 


Counting and measuring cells is a very tedious and time consuming process 

and is impractical in a breeding program. If this new knowledge is to be use- 
ful to the plant breeder, methods to measure these cellular parameters must 

be developed that will be fast, accurate, and inexpensive. In our effort to 
develop practical methods to utilize these discoveries, we have looked at 

both electronic and alternate methods of measuring cellular parameters. 


The coulter counter was found to be a very accurate and fast method of measur- 
ing cell size and cell number. A sample of about 20,000 cells can be counted 
and measured in about one to two minutes. However, this method has two draw- 
backs. First, the coulter counter is a very expensive, sophisticated piece 

of equipment, and second, the digestion of sugarbeet tissue samples to a homo- 
geneous mixture of single cells has not been perfected. 


Several alternate methods of selection have been investigated. These methods 
are fast, easy to measure, and relative inexpensive. These methods, along 
with their expected cellular and field effects, are listed in Table 1. 
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Table 1. Selection parameters and their expected effects on cellular para- 
meters and field results. 


____ Selection Parameter Expected Cellular Effects Expected Field Effects 


Hypocotyl diameter Cell size and cell number Root yield and sucrose 
at 21 days (confounded) content (confounded) 
Percent dry matter Cell size Sucrose content 
at 21 days 
Totalsdry matter Total cell surface area Total sucrose 
at 21 days (Cell size and cell (Yield and sucrose 
number confounded) content confounded) 
Hypocotyl diameter Cell size Sucrose content 


ateo days a oe en as 
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The expected effects are based on the following assumptions and rationale: 


Assumptions: 


1. Genetic differences in root yield are due to genetic differences in cell 
size and/or cell number. 


2. Genetic differences in sucrose content are largely due to genetic differ- 
ences in cell size (high sucrose = small cell size). 


3. Hypocotyl or root diameter (HD) at 21 days is a relatively good measure of 
a genotype's potential root yield. 


‘4. Little genetic difference exists for mean cell wall thickness. 


5. Little genetic difference exists for the number of cortex cells at the 
time of emergence (6 days). 


Rationale: 


Hypocotyl diameter at 21 days has been shown to affect both cell size and 

cell number and generally results in larger root yields but lower sucrose 
contents. ‘ 

At 21 days, there is very little sucrose and very little genetic differences 
in other soluble dry matter; therefore, differences in percent dry matter at 
21 days are largely due to differences in fiber content. More cell surface 
area per volume is present with small cells than large cells. If there is no 
difference in cell wall thickness, higher percent dry matter at 21 days should 
result in smaller cell size. 


We have found very few genetic differences in cortex cell number at 6 days. 
There are two important factors that affect cortex cell size: 1) seed quality, 
and 2) genetic difference. If seed quality can be controlled, then differences 
in HD at 6 days are largely due to differences in cortex cell size. Genetic 
differences in cell size in one organ are generally manifest in cells of other 
organs. Therefore, differences in HD of 6-day-old plants should give a rela- 
tive measure of genetic differences in true root cell size. 


Different combinations of these selection parameters should complement each 
other and result in the desired selection performance. For example, a select- 
ion with a small HD at 6 days and large HD at 21 days should have many small 
cells and result in high root yield and high percent sucrose. Unfortunately, 
these are difficult to find. 


Selection Results 


Selections for one or more of these parameters were made in several broadbase 
populations. Selections with sufficient seed were tested in the field in 
2950. 


-~"B10 - 


Broadbase Population fl 


A number of individual plants were selected for HD at 6 days from broadbase 
population fl. Sufficient seed was obtained from three plants (two with large 
HD at 6 days and one with small HD at 6 days) to test in the field. 


The large HD selections were expected to have a low sucrose content, and both 
were lower than the fl parent. The L91 selection was significantly lower than 
the parent with a sucrose content of 13.5 percent compared to 16.0 percent for 
the parent (Table 2). The small HD selection was expected to have a higher 
sucrose content. It was higher but not significantly higher than the parent. 
However, it was significantly higher than the large HD selection. 
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Table 2. The effect’ of HD selection at 6 days on sucrose percentage. 


Expected 
Sucrose Selection 
to Effect 
aE EEEEEEEemEe ete 
Parent (£1) 16.0 
162 (large HD at 6 days) ive low sucrose 
L91 (large HD at 6 days) yee) low sucrose 
L89 (small HD at 6 days) 16.3 high sucrose 
Lobe G.U9) 0.6 
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Broadbase Population £354 


Individual plants were selected for HD at 6 days and at 21 days in broadbase 
population £354. The selected plants were pooled into two polycrosses for 
seed increase: 1) small HD at 6 days and large HD at 21 days, and 2) small 
HD at 6 days and small HD at 21 days. These two polycrosses were tested in 

a replicated field trial along with the parent population (£354) in 1980. 

The small HD at 6 days and large HD at 21 days selection was expected to have 
high yield and high percent sucrose, whereas the small HD at 6 days and small 
HD at 21 days was expected to be low in yield and high in percent sucrose. 
However, neither selection differed from the parent population in sucrose con- 
tent, root yield, or total sucrose (Table 3). There was, however, a signifi- 
cant difference in percent sucrose between the two selections. 


At this point, it appears that the assumptions and rationale expressed earlier 
are incorrect. However, these selections were individual plants, and plants of 
this size are very susceptible to environmental variation. Either the environ- 


mental variation was so great that genetic differences could not be detected 
or the assumptions were not valid. 
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Table 3. Field results of single plant selection at 6 days and 21 days in 
broadbase population £354. 


Total Root Expected 
Sucrose Yield Sucrose Selection 
-__ Lbs/A T/A i Effect 

Parent (£354) 7638 Zoae Po 

164 (small HD at 6 days 7038 22.4 af high sucrose 
and large HD at 21 high yield 
days) 

192 (small HD at 6 days 7189 Zaak 1a high sucrose 
and small HD at 21 low yield 
days) 

LSD (0.05) 910 Pia 0.6 


Broadbase Population ¢237 


Since progeny tests are more accurate and reliable than single plants for 
selection purposes, selection in this population was based on progeny tests. 
Individual plants were crossed to the same CMS tester and the resultant seed 
tested for HD at 6 days and percent dry matter at 21 days. Remnant seed of 
several crosses with the same characteristics were pooled to form four groups 
that were tested in a replicated field trial in 1980. Interestingly, some of 
these selection parameters contradicted each other. For example, Group I (GI) 
had large HD at 6 days and high percent dry matter at 21 days. Based on the 
selection parameter at 6 days, this group selection should have low percent 
Sucrose; however, based on the selection parameter at 21 days, it should have 
a high percent sucrose (Table 4). 


Table 4. The effect of progeny selection at 6 days and 21 days on sucrose con- 
tent in broadbase population 2237. 


Sucrose Expected field effects of selection at: 


Z 6 days 21 days 
Parent (2237) 14.9 
GI Large HD at 6 days 15.4 Low % sucrose High % sucrose 
& high % dry matter 
at 21 days 
GII Small HD at 6 days 16.2 High 4 sucrose High % sucrose 
& high % dry matter 
at 21 days 
GIII Average HD at 6 days 14.8 % sucrose equal % sucrose equal 
and average % dry to parent to parent 
matter at 21 days 
GIV Large HD at 6 days are Low % sucrose High Z sucrose 
& high 4 dry matter 
at 21 days 





—_LSD (0.05) 1.4 
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Those selections with contradictory selection parameters (GI and GIV) had a 
sucrose content not different from the parent. The selection that was ex- 
pected to have a sucrose content equal to the parent was not different from 

the parent, either (GIII). The only selection that showed an effect on sucrose 
content was where both selection parameters agreed (GII). This selection had 

a significantly higher sucrose content than the parent (Table 4). This points 
out the difficulty in detecting true genetic differences in young plants. 


Broadbase Population h537 


This is the most heterozygous of the populations used. Selection in this pop- 
ulation was also based on progeny testing. Individual plants were planted in 
a polycross block, allowed to intercross, and seed was harvested on each plant 
separately. This half sib seed was used to evaluate each plant for the four 
seedling selection parameters mentioned above. Based on these seedling eval- 
uations, several plants were selected as having different combinations of the 
Selection parameters. Remnant seed of the selected plants were used for field 
testing in a replicated trial in 1980. At least two entries were tested for 
each selection parameter. All entries for a given selection parameter are 
combined in the following tables for comparison purposes. 


Selection Parameters: 


1. Percent dry weight at 21 days. 


Selections for high percent dry weight, low percent dry weight, and the 
parent are compared for percent sucrose in Table 5. 
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Table 5. Percent sucrose for selections differing in percent dry weight at 


als days and the parent. 


Selection Sucrose 
Parameter rs Expected Field Results 
Parent (h537) 14.64 
High % dry weight 14.92 High percent sucrose 
Low % dry weight 14.20 Low percent sucrose 
LSD (0.05) 0.38 


Se 


The high % dry matter selection had a higher but not significant sucrose con- 
tent than the parent. The low percent dry matter selection had a significantly 
lower sucrose concentration than the parent, and the two selections were signi- 
ficantly different from each other in the expected direction. 


2. Hypocotyl diameter at 6 days. 


The results of selection for HD at 6 days is given in Table 6. 
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Table 6. Sucrose content of parent and selections for large and small 


HD at 6 days. 


Selection Sucrose 

Parameters . Expected Field Results 
Parent (h537) 14.64 
Small HD at 6 days 14.88 High percent sucrose 
Large HD at 6 days £4.24 Low percent sucrose 
LSD (0.05) 0.38 


The effect of selection for HD at 6 days on sucrose content was similar to but 
not as pronounced as the previous selection parameter (percent dry weight at 
21 days). The small HD selection had a higher sucrose content and the large 
HD selection had a lower sucrose content than the parent as was expected. The 
two selections differed significantly in sucrose content and the large HD se- 
lection had a significantly lower sucrose content than the parent. 


3. 


Combined HD at 6 days and percent dry weight at 21 days. 


Both of these parameters are supposed to affect sucrose content. The two 
previous tables (Tables 5 and 6) suggested that they both influenced su- 
crose content with percent dry weight at 21 days being a more effective 
selection criterion. By combining both selection parameters, more effect- 
ive selection resulted (Table 7). 


Table 7. The effect of selection for HD at 6 days combined with percent dry 


matter at 21 days on sucrose content. 


Selection Sucrose 

Parameter hs Expected Field Result 
Parent. (ho37) 14.64 
High percent dry weight 14.99 High percent sucrose 


at 21 days and 
Small HD at 6 days 


Low percent dry weight sie Ou, Low percent sucrose 
at 21 days and 


Large HD at 6 days — 


LSD (0.05) _ 0.45 
Hypocotyl diameter at 21 days. 
We have previously reported the effects of selection for hypocotyl diameter 


at 21 days on root yield. Selection for HD at 21 days in this population 
resulted in similar results (Table 8). The large HD selection yielded more 
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but not significantly more than the parent, whereas the small HD selection 
yielded significantly less than the parent. 


Table 8. The effect’ of HDiselection at 21 days on root yield. 


Selection Root Yield 

Parameter T/A Expected Field Results 
Parent (h537) S252 
Large HD at 21 days aed, High root yield 
Small HD at 21 days 29,11 Low root yield 
LsDe(0. 05) 2.06 


5. Total dry matter at 21 days. 


As was stated earlier, total dry matter in sugarbeet seedlings should be 
related to total sucrose production. Selections for high and low total 
dry matter at 21 days did differ significantly in total sucrose (Table 9). 
The high total dry matter selection yielded more but not significantly 
more total sucrose than the parent, whereas the low total dry matter se- 
lection yielded significantly less sucrose than the parent. 


Table 9. The effect of selection for dry matter at 21 days on total sucrose 


production. 
Selection Total Sucrose 
Parameter Lbs/A Expected Field Results 
Parent (h537) | 9609 
High total dry matter 9829 High total sucrose 
Low total dry matter 8016 Low total sucrose 
LSD (0.05) 581 


6. Hypocotyl diameter at 6 days and 21 days. 


The most desirable combination of the seedling selection parameters is a 
small HD at 6 days and large HD at 21 days. There were very few lines with 
this particular combination. Only one selection had sufficient seed to 
field test. This selection, along with a selection having the opposite 
parameters, is compared in Table 10. The two selections differed signifi- 
cantly for sucrose content, root yield, and total sucrose production. This 
most desirable selection should be superior to the parent in all three 
field measurements. It was better than the parent for sucrose content and 
total sucrose but gave the same root yield as the parent. 


minis < 


Table 10. The effect of selection for HD at 6 days and 21 days on field date. 


Selection Sucrose Root Yield Total Sucrose Expected 
Parameter 7, T/A Lbs/A Field Results 
Parent (h537) 14.64 SLE 9609 
Small HD at 7 days Loe ae 22510 9829 High sucrose content 
and large HD High root yield 
at 21 days 
Large HD at 6 days 13.97 28.73 8016 Low sucrose content 
and small HD Low root yield 


. 


at 21 days ‘ 


LSD (0.05) 0.45 ee pains 


7. Small HD at 6 days, large HD at 21 days, and high total dry matter. 


Only one selection exhibited all three of the above parameters. This 
selection gave the highest root yield and total sugar but was not different 
from the parent in sucrose content (Table 11). 


Table 11. Root yield, sucrose percent, and total sucrose for a selection for 
Hii HD at 6 and 21 days, and dry matter at 21 days, and its parent. 


Selection Sucrose Root Yield Total Sucrose 

Parameter T/A Lbs/A 
Parent (h537) 14.64 B2 sce 9609 
Small HD at 7 days 14.66 35 V24 10337 


Large HD at 21 days and 
High dry weight at 21 days 


LSD (0.05) 0.45 Zeon faa 











Summary and Conclusions 


The assumptions and rationale developed in this study appear to be valid. The 
fact that selection was more effective using progeny tests than with individual 
plants indicate the difficulty in detecting genetic differences in individual 
plants. Small plants are very susceptible to environmental variation and 

every effort must be made to control it. The effectiveness of selection for 

an alternate trait depends on the relative magnitude of the environmental and 
genetic variances and correlations. In selecting an alternate trait of an 
alternate trait, probabilities are multiplied, thus reducing the probability 

of detecting true genetic differences of the desired characters. In this case, 
our goal is to increase root yield while maintaining or increasing sucrose con- 
tent. Selection for an alternate trait that affects cellular parameters, 

which in turn affect root yield and sucrose content, will be effective only if 
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the heritabilities of the alternate traits are greater than the heritabilities 
of root yield and sucrose content, and if they are more easily and quickly 
measured. The alternate traits measured in this study meet the last two cri- 
teria, and the fact that differences in the desired, expected directions were 
obtained suggests that desirable heritabilities are present in the alternate 
traits. In most cases, selection to reduce root yield or sucrose content was 
more effective than selection to improve root yield or sucrose content. 
Apparently our current hybrids are using a significant amount of the available 
superior germplasm, and future improvement will be in small increments rather 
than large jumps. This points out the need for refined, highly controlled 
selection techniques to detect the small superior genetic differences. The 
results of this study are encouraging and warrant further research, especially 
in the refinement and precision of these seedling selection methods. 
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IV. GROWTH ANALYSIS 
D. L. Doney and J. C. Theurer 


A. GENOTYPE VS. PLANT DENSITY 


Methods and Materials 


This test was planted at two plant densities (22- and 14.6-inch row widths) to 
evaluate the effect of row width on genotypes differing widely in sugar content 
and yield. Genotypes planted were: 


Good commercial hybrid sugarbeet (GWD2). 

High root yield-small top sugarbeet inbred (L10). 

High sucrose content sugarbeet inbred (119). 

High root and top yield sugarbeet inbred (C17). 

Sugar X fodder beet hybrids (Monorosa, Cimarosa, and Kyros). 
Large root yield fodder beet (Peramono). 


° 
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The plot design was a split-plot of eight replicates. Plots were six rows 
(14.7-inch row width) and four rows (22-inch row width), 40 feet in length. 
One hundred fifty pounds actual N were broadcast prior to planting as 16-20-0 
fertilizer. The experimental plot had been fallowed in 1978 and 1979 and 
apparently much of the available N had been leached from the soil. A severe 
nitrogen deficiency appeared in mid August. 


‘The test trial was planted April 17, thinned May 22, and harvested September 30. 
Heavy rains followed thinning and caused some root rot and damping off. Al- 
though most plants recovered, many were retarded, particularly in genotype L19. 
Satisfactory stands were obtained in the sugarbeet lines; however, stands were 
significantly reduced in the fodder beet lines Cimarosa, Peramono, and Kyros. 
Some curly top was detected in the fodder beet lines in mid season but was 
insufficient to cause a Significant effect (results found in Table 1). 


Results 
Sugars 


Sucrose content ranged from about 20 to 8.5 percent. The fodder beets were 
much lower in sucrose than the sugarbeets. There wereno significant differences 
in sucrose content in the two plant densities and no genotype by plant density 
interaction. Reducing sugars were inversely correlated with sucrose content; 
however, the difference between the highest and lowest was only about one- 
fourth of one percent. 


Root Yield 


The fodder beets yielded significantly more than the sugarbeets and appeared 
to respond more to increased plant density than the vigorous sugarbeets (GWD2 
and C17). The less vigorous inbreds (L10 and L19) increased in yield at the 
higher plant density as did the fodder beet Peramono. A significant increase 
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in root yield was obtained at the higher plant density when summing over all 
genotypes, even though genotype GWD2 decreased slightly at the higher plant 
density. This resulted in a significant genotype by plant density interaction. 


Total Fermentable Sugars 


The effect of plant density on total sugars was very similar to the effect of 
plant density on root yield since there were no plant density effects on sugar 
content. The fodder beets did not yield as much total fermentable sugars as 
the best sugarbeet hybrid (GWD2), although Cimarosa's sugar yield was almost 
as good as GWD2. 


Impurities 


Sodium content was unaffected by plant density and potassium content was 
significantly reduced in the high plant density. Even though all genotypes 
experienced some reduction in potassium content at the high plant density, 

none was significant. The fodder beet lines had significantly more sodium and 
potassium than the sugarbeet lines. This was expected since the sugarbeet 
lines have been selected for low impurities. 


Summary 


The response to differences in plant density was less pronounced in the 1980 
competition trial than the similar competition trial in 1979. Low fertility 
in the 1980 trial appeared to be a major limiting factor. Therefore, plants 
could not take advantage of their allocated space to the maximum of their 
ability. The same relationship exists, i.e., the less vigorous inbreds re- 
sponded more than the more vigorous hybrids to plant density; however, this 
response was not as great as in the 1979 trial. The fodder beets appeared to 
respond more to increased plant density than the sugarbeets. This apparent 
difference should be further investigated at higher fertility levels. 
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B. SUGARBEET HYBRID GENOTYPES VS. PLANT DENSITY 





Yields of corn hybrids have been increased by altering the plant population 
and selecting genotypes that perform well under higher plant densities. This 
study was initiated to determine what effect plant density would have on high 
yield and high sucrose genotypes of sugarbeet hybrids. 


Materials and Methods 


Four hybrids were evaluated for their production at three different plant 
densities. The varieties included in the test were the commercial varieties 
GWD2 and ACH130, the experimental high sugar variety LHS-3, and LHY-1, a high 
yield variety. The test was planted on university land six miles south of 
Logan on June 11. This was a month later than we would normally plant. How- 
ever, due to rain during the month of May, we were not able to get onto the 
land until the second week of June. The design was a split plot of five 
replications. The individual plots were 88 inches wide and 30 feet long. 
Plants were thinned to 12 inches between beets within the row in all plantings. 
Distances between rows were 13.2, 16.5, and 22 inches for the respective 
densities of approximately: 1) 35,600, 2) 29,700, and 3) 23,700 plants per 
acre. Excellent stands were attained for each plot and very little curly top 
was observed in the test. Harvest was made on September 18, 1980. All bor- 
der rows of each plot and a 2-foot area next to the alleyway were excluded 
from the harvest area of each plot. 


Results 
Root Yield 


The high sugar hybrid LHS-3 was significantly lower in root yield than the 
three other entries at the normal 4-row, 22-inch spacing (Table 2). Thame 
were no differences between varieties in root yield at the higher plant densi- 
ties. On the average, the 16.5-inch spacing showed significantly greater root 
weight than the 13.2-inch spacing, and approached significance in comparison 
with the 22-inch row spacing. LHS-3 was significantly higher in root yield at 
the 16.5-inch spacing than at either 22- or 13.2-inch row densities. 


Sugar 


As expected, the LHS-3 hybrid had significantly higher sucrose percentage than 
the other hybrids at all three planting densities. With the exception of LHY-1 
at the 16.5-inch row spacing, ACH130 had significantly the lowest sucrose per- 


centage. There were no real differences in sucrose content due to plant 
density. 


Gross Sugar Yield 


Gross sugar was the main constituent we were interested in measuring. It is 
evident from the data that there were interactions of genotypes and planting 
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densities. 


Table 2. Root yield, sucrose percentage, and impurity factors for four vari- 
eties at 35,600, 29,700, and 23,700 plant densities, South Farm, 


Logan, Utah, 1980. ve 








Root Gross 
Row Fresh Sucrose Sugar Amino Potassium Sodium 
Variety Spacing t/ha % dt/ha ppm ppm pm Index 

GWD2 4-rows 38.64 16.07 61795 378 LES? 207 SoZ 
ACH130 en" 38.09 L236 58.43 oor 1815 s22 DS 
LHY-1 39295 IOes2 65.39 328 1360 Zo 1 475 
LHS-3 wae OL 21 18 577263 ony, 2 Zhe 490 
Mean STTS4 L6OF23 60.85 a29 1658 213 319 
GWD2 5-rows Bitar Posse 66.10 344 1815 £95 530 
ACH130 1635" 37.48 15268 585765 262 L785 283 55 
BHY-1 40.74 T6730 66.43 Siz $292 293 452 
LHS-3 Beers 17730 C9725 278 1697 Loe 439 
Mean BOTOL £6 233 65.14 299 1647 248 484 
GWD2 6-rows SOPzZ) 16.69 OSTT9 276 1685 183 456 
ACH130 Po n2 B5209 akaS SATE 250 47-95 213 529 
LHY-1 SoCs LGF20 6222s 250 1190 259 394 
LHS-3 35.04 Lek GLL32Z 265 1580 219 421 
Mean 37.04 16.44 60.87 260 1563 ete 450 
Overall Mean 38.00 16.40 62425 296 £623 Roo 485 
isp 705 4.32 0.64 7.04 62 2iL 64 83 

(varieties) 
LSD (0.05) 2.26 0232 3252 3i 136 33 42 

(between row 

spacing) 
ee: 8.89 3.06 S84) £6 ASHI, 13098 £9.91. Lavas 


The 5-row plots averaged significantly higher gross sugar than 4- or 6-row 
densities. There was little difference between the gross sugar yield of GWD2 
and LHY-1 at any of the planting densities. ACH130 yielded significantly less 
gross sugar than GWD2 or LHY-1 at the 16.5- and 13.2-inch densities. The LHS-3 
hybrid at the 5-row density gave the greatest sugar yield in the test, 69.25 
dt/ha. The gross sugar for this hybrid was significantly better at the 5-row 
Spacing than at either 4- or 6-row densities. 


Quality Factors 


There was a definite trend wherein impurity constituents decreased as the 
planting density increased from the 22- to 13.2-inch row spacing. The 6-row 
plots had significantly less amino N, sodium content, and lower impurity 
index values than the 4-row normal row spacing. ACH130 was significantly 
lower in amino N than GWD2 at both the 22- and 16.5-inch densities. LHY-1 
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was significantly lower in potassium than the three other genotypes at all 
spacings. LHY-1l had the lowest impurity index values and ACH130 had the . 
highest. 


Summary 


Based on this data, it would appear that the 5-row, 16.5-inch plant density 
was superior to the standard 4-row, 22-inch density. High sugar’lines in 
particular could possibly yield more gross sugar with a greater plant density 
than the currently used 22-inch row spacing. With the short growing season, 
the competition between plants at higher plant densities didn't give oppor- 
tunity for maximum competition expression, as would be realized with a full 
seasons growth. The experiment needs to be repeated to confirm these con- 
clusions. 


C. THE EFFECT OF FERTILIZER AND MOISTURE 


This was a cooperative study with Dr. John Carter (USDA-SEA-AR Agronomist, 
Kimberly, Idaho). This test was designed to determine the relative effect of 
nitrogen level and water level on genotypes with extreme genetic differences 
in root yield and sucrose content. The test entries and their characteristics 
are listed in Table 3 and included sugarbeet hybrids as well as fodder beets. 


a a 


Table 3. Test entries and description. 


Variety Description 


GW-Mono—Hy~D2 Commercial hybrid variety 
Great Western Sugar Co. 


AH10 Commercial hybrid sugarbeet variety 
Amalgamated Sugar Co. 


LHY-1 Logan high yield experimental variety 
LHS-1 Logan high sucrose content experimental variety 
Monorosa Diploid high yield hybrid fodder beet (2n 
sugarbeet X 2n fodder beet) 

Pajbjerg Polyploid high yield fodder beet 

Korsroe P. 
Rota Diploid open-pollinated variety fodder beet 
Monoblanc Triploid high yield hybrid fodder beet (2n 


Sugarbeet X 4n fodder beet) 
————— tC SUA DEUCE AX Gn fodder beet) /) | 4 |) 
SSS ee 
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It was planted April 8, 1980, at the Kimberly research station in a randomized 
split-split plot design. Soil moisture and seedbed preparation were excellent, 
resulting in almost perfect stands. There were two nitrogen and two water 
level treatments as follows: 


LN-NW = normal nitrogen and normal irrigation 
LN-SW = normal nitrogen and stress irrigation 
HN-NW = high nitrogen (2 X normal) and normal irrigation 
HN-SW high nitrogen (2 X normal) and stress irrigation 


I 


The systemic insecticide temik was applied prior to planting to help control 
curly top in the susceptible fodder beet lines. Fortunately, 1980 was a low 
curly top year and very little curly top was observed in the plots. Plots 
were four, 25-foot rows. At harvest time (October 14 to 17), three, 10-foot 
Samples were taken from each plot for measurements and analysis. The water 
stress treatments were watered normally until the early part of August, after 
which no supplemental irrigation was applied. 


The only data available at this time is from the normal irrigation plots. How- 
ever, preliminary data indicate little effect due to water stress. 


All entries responded to the high nitrogen level (Table 4). The sugarbeet 
hybrids had a higher root yield but lower sucrose content at the high nitrogen 
level. The end result was very little difference in total fermentable sugars 
and potential alcohol yield between the normal and high nitrogen levels for 

the sugarbeet hybrids. The Monorosa and Monoblane fodder beets are in reality 
Sugarbeet-fodder beet hybrids and they responded to the different nitrogen le- 
vels similar to the sugarbeet hybrids, i.e., the increase in root yield and 
decrease in sucrose content at the high nitrogen level offset each other, re- 
sulting in little nitrogen level effects on total fermentable sugar and potent- 
ial alcohol yield. 


The fodder beet lines, Pajbjerg Korsroe P. and Rota, are true fodder beets and 
responded differently to high nitrogen. ‘The high nitrogen level caused a sig- 
nificant increase in root yield in these two fodder beet lines. They did ex- 

perience a decrease in sucrose content at high nitrogen, but not as extensive 

as the sugarbeets. The decrease in sucrose content did not offset the signi- 

ficant root yield and resulted in significantly more fermentable sugar and po- 
tential alcohol per acre at the high nitrogen level. 


Even though the fodder beets yielded more than the sugarbeets (almost twice as 
much), their sucrose content was lower and did not yield more total fermentable 
Sugar or potential alcohol than the best sugarbeet hybrids. The Logan experi- 
mental sugarbeet hybrid, LHY-1, and the fodder beet, Pajbjerg Korsroe P., 
yielded the most fermentable sugar with a potential alcohol yield of over 1,000 
gallons per acre. 
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V. ‘INSECT STUDIES. 
SELECTION FOR RESISTANCE TO THE SUGARBEET ROOT MAGGOT 


J. C. Theurer, C. C. Blickenstaff, and D. L. Doney 


The root maggot resistance program was continued in 1980 in cooperation with 
entomologists stationed at the Snake River Conservation Research Laboratory 

at Kimberly, Idaho. Seed from selections and crosses made in the greenhouse at 
Logan during the winter of 1979-80 were sent to Dr. Blickenstaff and were 
planted from May 2 to 5 at Kimberly. Seeds were hand planted one foot apart 

in 10-foot rows, spaced 22 inches apart and thinned to one plant per "hill" 
after emergence. Local fly populations were supplemented by flies trapped 
north of Paul, Idaho. 


On July 17 to 21, plants were hand dug and rated individually on a scale of 

0 to 9 (0 = no damage, to 9 = dead or severely damaged). Vigor ratings were 
made on June 12 and July 2 on a scale of 1 to 3 (1 = vigorous, 2°= average or 
normal, and 3 = weak). The percent of plants infected with curly top was also 
noted. 


Section IL 


This section included high and low damage selections made in 1979 from the 
heterogeneous 35F3 population, the original 35F3 parent, and L19, an inbred 


‘check. A randomized design of 17 replicates of single-row plots was used in 


the test. This was the second cycle evaluation of high and low damage select- 
ions from this population. Results are summarized in Table 1. 


Table 1. Performance of progeny of 1979 selections from 35F3 populations, 
Section I, 1980. 


Percent SBRM 

Seed Vigor Plants With Mean moot 

No. Description July 10). July 2% Curly Top “Damage Parent __ 
40113 Low damage 2.59pe/ 2 ok. tek 1.43a oy 
40114 High damage 1.82a 2 20) 148 ac05c 130 
3563 Parent 1.94a 20) iz 1.58ab 
E19 Check Peo D Poort oo 1.94be 
F. Value Toki ns 4.76 %* 


1 
BS eis Warn Walrerenr Letters are Sienmiticantly dirterent at .05 level. _ 








The tow-damage selection had a mean SBRM score of 1.43, which was better but 
not significantly better than the rating given the parent population. In 1980, 
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the low-damage selection showed only 9 percent improvement over the parent. 

By comparison, the first cycle of selection in 1979 resulted in an 18 percent 
reduction in maggot damage compared to the parent population. Thus, selection 
was ineffective in the second selection cycle in population 35F3. The low- 
damage selection also had less early vigor and more curly top damage. 


Section l 


This section included high and low damage selections made in 1979 from 
population 25A2, the 25A2 parent, and the high-damage L19 inbred check. This 
was an evaluation of the fifth cycle of selection from this population. Plots 
were single rows of 20 replications in a randomized block design. Excellent 
progress has been attained with the low-damage selection having significantly 
less damage than the parent (Table 2). Continual progress has been made in 
each cycle of selection from 1976 to the present (Table 3). The low-damage 
selection in the fifth cycle was 24 percent better than the original popula- 
tion. 








Table 2. Performance of progeny of 1979 selections from 25A2 population, 
Sections LL L980s 





Percent SBRM 

Seed Vigor Plants With Mean bh of 

No. Description..wunewlO.e Jinlane2 Curly Top Damage Parent 
40115 Low damage 2.30 21) 0 peStatt 76 
40110 High damage 2.35 2 ih. 0 2565¢ 133 
25A2 Parent Zou eu OsD 2.00b 
L19 Check 2.00 2.0 7.8 2.44 
F. Value ns ns 17.16%*%* 


i. / 


— Means with different letters are significantly different at .05 level. 
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In 1980, field evaluations were made of several F hybrids between five USDA 
and five Amalgamated Sugar Company low-damage SBRM selections. The test con- 
sisted of single-row plots in a completely randomized design with 1 to 10 
replications per entry in accordance with the quantity of seed available for 
each cross. The results for these crosses are given in Table 4. All of the 
crosses except one had a rating of less than 2.0. Three crosses, 40137, 40142, 
and 40156 were very resistant to root maggot damage and will be used to further 
develop breeding material for the Sugarbeet industry. 


Table 3. 


Table 4. 
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Maggot damage rating in % of parent population 25A2 for five cycles 
of selection. 





Selection F976 Los L973 LOD 1980 
High damage 116 103 2k 114 asa 
Low damage 96 86 89 80 76 
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Performance of single crosses between USDA and Amalgamated Sugar 


Company low-damage selections, Section III, 1980. 


No. Percent SBRM 

Repli- Vigor Plants With Mean 
Designation calions June LO soit = Curly Top Damage Pm 
40135 3 2.33be~! ae UD 0 1.07abe 
40137 1 2.00ab Zep 0 25a 
40138 10 1.70ab 2eU0D Ire 1.2labed 
40141 7 1.71lab 2.0b 0 1.23abcd 
40142 8 1.88ab 2.0b Tae -86ab 
40146-1 5 1.80ab Zi ou 1.72cde 
40147-2 10 2.00ab 2.0b 6.0 1.62cd 
40147-4 3 2.00ab 1.67a 6.8 te oped 
40149-1 10 1.40a 2.0b est. 1.87de 
40149-2 3 2.00ab 2.Ob 0 1.0/7abc 
40150 4 2.00ab 2.0b 0 1.labcd 
4015 2 1.50ab 2.0b 0 1.45bed 
40152 4 1.75ab 2.0b 0 1.58bed 
40153 ay 3.00c 2.0b 0 1.3bed 
40154 3 1.67ab 200 0 1.13abcd 
40156 3 3. UUG Ae ooe One -87ab 
40157 2 ea LIC 2.0b 0 2.35e 
1166 10 2.00ab 2.0b Za) 1.19abcd 
F. Value 2. 46%* 2.09% 2.46%% Lee. 

Section IV 





Fourty-four testcrosses of L53CMS X low-damage selections from population 25A2 
were made in the greenhouse at Logan and tested in the field at Kimberly in 


1980. 
field plot. 


In addition, 28 sib and selfed selections were evaluated in an adjacent 
The range and mean SBRM damage ratings are summarized in Table 5. 


The range of the testcrosses was wider than the self and sibbed lines. The 
testcrosses showed excellent combining ability for low maggot damage. 
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9. Range and mean SBRM damage ratings for testcross hybrids and inbreds. 
SBRM Damage Rating 


Tab 


ae 
oO 
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Description No. Range Mean 
L53CMS X LD Testcrosses 44 r45 toel+a3 ros 
USDA Sib and @ Selections 28 nies Onan eeso| 1.37 
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VI. DISEASE STUDIES 
DETECTION OF BEET CURLY TOP VIRUS IN VIRULIFEROUS BEET 
LEAFHOPPERS BY ENZYME-LINKED IMMUNOSORBENT ASSAY 


Dei Mumtord 


Curly top disease in sugarbeet, tomato, cucurbits, and other crops in Calif- 
ornia is controlled by identifying large populations of the beet leafhopper 
vector and reducing their number with insecticide sprays. This method of 
control would be more effective if those populations of leafhoppers carrying 
the highest levels of beet curly top virus (BCTV) could be quickly identified 
and given special attention during the spray period. 


Previous attempts to identify viruliferous beet leafhoppers using fluorescent 
antibody staining were unsuccessful. This was probably because the virus does 
not multiply in the vector and is present in very low concentrations. Enzyme- 
linked immunosorbent assay (EIA) has become a major serological tool in assays 
of plant viruses. It has been used to detect cucumber mosaic virus in aphid 
vectors. 


This paper describes the use of EIA to detect BCTV in viruliferous beet leaf- 
hoppers and discusses a program to monitor BCTV in field populations of the 
leafhopper. 


Materials and Methods 


Antiserum against BCTV was obtained from rabbit. The EIA method of Clark and 
Adams (1) was used with only slight modification. The procedures are briefly 
described here. The globulin fraction of the antiserum was separated by 
ammonium sulfate precipitation and conjugated to alkaline phosphatase. The 
test was done in polystyrene plates containing 96 wells. Plates were coated 
by incubation at 37 C for four hours with globulin diluted in sodium carbonate 
buffer. After coating, plates were stored at 5 C until used. It was found 
that sensitivity was increased and the occurrence of occasional erratic read- 
ings in some wells was reduced if phosphate-buffered saline containing .05 
percent Tween 20, 2 percent polyvinylpyrolidone (MW 40,000) and 1 percent 
bovine serum albumin (PTPB) was incubated in the plate wells for one hour at 
37 C before and after incubation of the test sample. 


Extracts for testing were prepared by grinding leafhoppers in .6 ml of PTPB 

in 2 ml glass tissue grinders. Extracts were introduced directly into the 
coated wells and incubated overnight at 37 C. Conjugate diluted in PTPB was 
incubated in plate wells for four hours at 37 C after incubation of the ex- 
tracts. The substrate p. nitrophenyl phosphate was next incubated in each well 
for one hour at room temperature. The resulting dephosphorylation reaction 
was stopped by the addition of 3 M NaOH. The absorbance at 405 mm (A405) was 
determined for the contents of each well with a spectrophotometer. 


Leafltoppers known to be viruliferous were obtained by allowing them to feed on 
infected sugarbeet plants or through a membrane on clarified extracts from 
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infected tobacco plants. Extracts of BCTV were brought to 10 percent sucrose 
to encourage feeding. To evaluate field populations of beet leafhoppers, 30 
leafhoppers were collected from each reproduction site in California and sent 
frozen in dry ice to the laboratory where they were assayed in groups of 10 
leafhoppers. 


To measure the amount of infection viruliferous leafhoppers would produce, a 
moderately resistant commercial cultivar, GWD2, was used. Three-week-old 
seedlings were inoculated by caging a single leafhopper on one cotyledon of 
each of 40 seedlings for five days. The number of seedlings showing disease 
symptoms three weeks after inculation was taken as a measure of the level of 
virus present in the viruliferous leafhoppers. 


Results 


Initially, assays were run on extracts from groups of 30, 20, or 10 leafhoppers 
that had fed for 24 hours on either infected plants or clarified extracts from 
infected plants. In all such tests, groups of viruliferous leafhoppers gave 
positive EIA readings when compared to groups of nonviruliferous leafhoppers of 
Similar size. These results suggested that field populations of leafhoppers 
could be monitored for BCTV. More extensive tests were next done to determine 
whether BCTV could be detected in Single leafhoppers, and to see how EIA 
results compared with infection percentages produced when similar leafhoppers 
were caged individually on susceptible Ssugarbeet seedlings. Until now, the 
only way to evaluate whether leafhoppers were viruliferous was to cage them on 
seedlings and observe the percentage infection they produced. 


The results reported in Table 1 clearly show that BCTV can be detected in single 
viruliferous leafhoppers by EIA. They also show that results obtained by ETA 
correlate very well with percentage infection results from caging leafhoppers 
individually on sugarbeet seedlings. It can be estimated from the results in 
Table 1 that a leafhopper carrying over 0.5 mg of BCTV will likely produce 
Symptoms on greenhouse grown seedlings of GWD2, if it is permitted to feed on 
the seedling cotyledon for approximately five days. 


During 1979 and 1980, BCTV content was monitored in field populations of leaf- 
hoppers from 21 and 38 sites, respectively, in California. Sites selected were 
those annually treated with insecticides to reduce leafhopper populations. 
Thirty leafhoppers were tested from each site on 10 different dates each year 
from January to April. In 1979, leafhoppers from two sites were consistently 
the highest in virus content. These two sites received additional attention 
during the insecticide spray period. During both 1979 and 1980, the level of 
BCTV concentration in leafhoppers sampled was generally very low. This 


corresponded to very low levels of curly top disease reported in crops during 
those two years. 


Discussion 


Curly top disease is noted for its unpredictable sporadic severe outbreaks. 
This is because so many unpredictable factors influence such outbreaks. An 
abundance of viruliferous leafhoppers is probably essential for a severe 
outbreak. This can now be determined rapidly and before the vectors move into 
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the commercial crops using the procedures described here. By monitoring 
virus leyels in field populations, a disease outbreak may be indicated; how- 
ever, it may or may not develop because other factors limit vector movement. 
On the other hand, if the detection of very low levels of virus in repro- 
ductive leafhopper populations before planting is correlated with very low 
disease levels in the subsequent crops, then costly protective measures may 
be avoided during those years. 


Table 1. Comparison of beet curly top virus (BCTV) content in single beet 
leafhoppers as detected by enzyme-linked immunosorbent assay (EIA) 
with the percentage infection similar leafhoppers produced when 


caged singly on sugarbeet seedlings. o, - 


Dilutions of a Percentage of Single Percentage Infection in 
BCTV Preparation Leafhoppers With Sugarbeet Seedlings Inoculated 

Fed to Leafhoppers Over 0.5 mg Virus With Single Leafhoppers 

a b 

0 0 0 

1:324 0 0 

POLO. 3 A 

1:54 Le 16 

L215 43 47 

2) dd 83 


“Results based on EIA of 30 single leafhoppers. 





b Parte : 
Results based on 40 leafhoppers, each caged individually on a seedling. 
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VII: PHYSIOLOGY - BIOCHEMISTRY : 


REDUCTION IN SINK MOBILIZING ABILITY FOLLOWING 
PERTODS OF HIGH CARBON FLUX 


Roger Wyse | 
Introduction 


The importance of sinks in regulating photosynthate distribution and photosyn- 
thetic rates have been well documented (Loomis et al. 1976). For example, a 
rapid change in source demand initiated by selective leaf shading or leaf 
removal brings about a rapid compensatory change in export from the remaining 
leaves without changing photosynthetic rates in short-term experiments 
(Geiger, 1976; Borchers et al. 1979). Rapid alterations in sink demand also 
cause rapid changes in the distribution of assimilates (Fellows et al. 1979). 
Although rapid changes occur in export and distribution patterns, compensatory 
changes in photosynthetic rates may take several days (Thorne and Koller, 1974). 
The changes in photosynthetic rates apparently require changes in the photo- 
Synthetic apparatus (Wareing et al. 1968; Thorne and Koller, 1974). However, 
in other experiments where sinks are removed or stems are girdled, a rapid 
decrease in photosynthetic rates were observed (Setter, et al. 1979). ‘These 
changes in photosynthesis were correlated with rapid increases in the ABA 
content of leaves with a corresponding increase in stomatal resistance. 


Ontogenic changes in sink demand may or may not relate to changes in photosyn- 
thetic rates. In many cases, increased reproductive sink demand causes 
remobilization of carbohydrate reserves in stem, petiole and pod tissue 
(Streeter and Jeffers, «1979; Thorne, 1979). short~teri diurnal accumulation 
of assimilates in the soybean pod wall may act as a reservoir of starch and 
sucrose, thus distributing the photosynthate supply to the developing seed 
uniformly over the diurnal cycle (Thorne, 1979). Such data would suggest that 
the sink may become limiting in its ability to absorb assimilates when photosyn- 
thetic rates are high. This: limitation may be through an alteration or reduc- 
tion in a sucrose gradient between source and sink. This gradient has been 
hypothesized (Ho, 1976; Milburn, 1974; Walker and Thornley, 1977) to regulate 
flux between source and sink. 


Previous work has suggested that the sugarbeet root sink plays an important 
role in determining photosynthetic rates (Milford and Pearman, 1975; 

Habeshaw, 1973). Reductions in mobilizing ability of the sink resulted in 
increases in carbohydrate concentration in leaves while enhanced sink demand 
increased net assimilation rates. Because of the importance of sucrose 
metabolism in the root sink on photosynthate partitioning, we have undertaken 
a study to determine the capacity of the sugarbeet root sink to absorb sucrose 
throughout a diurnal cycle and after prolonged alterations in photosynthate 
supply. Our objective was to determine if the sink may become limited in its 
ability to absorb assimilates following periods of rapid photosynthesis. 


Materials and Methods 
An adapted sugarbeet cultivar (Cultivar AH12, Amalgamated Sugar Company, Ogden, 


UT) was planted on May 20 and maintained in competitive stand until treatments 
were initiated on September 15. ‘The average root weight at this time was 
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approximately 1 kg and the sucrose content 16% (F.W.). 


To determine the diurnal pattern of sucrose uptake rates by sugarbeet taproot 

tissue, plants were harvested at approximately 2-h intervals between 0800 and 

1800 h. At each sampling time, three roots were harvested and equal number 

of discs prepared from each root. The discs from all roots were then combined 
for equilibration. 


Photosynthate supplies to the root were manipulated by either altering the 
duration of photosynthesis by shading or by carbon dioxide enrichment. In 
Experiment 1, the treatments were limited to total shade (85% reduction in 
photon flux density), CO enrichment with 1000 ppm CO» in the canopy, and 

an ambient light and CO» control. Each treatment consisted of five plants 

of uniform size. To maintain a 1000 ppm CO9 atmosphere in the canopy, a 
polyethylene barrier 1 m high was placed around the plants and compressed CO» 
injected into the canopy. Air within the polyethylene barrier was circulated 
with two small centrifugal fans. In a second experiment, the preliminary 
treatments were repeated with the addition of three light duration treatments 
consisting of 6-, 3- and Il-h light periods prior to a late afternoon (1600 h) 
Sampling. All treatments were initiated at 1000 h on the previous day. AI1l 
five plants from each treatment were harvested and an equal number of discs 
prepared from each root. The discs were combined in the equilibration media. 
The sucrose uptake capacity of tissue from the taproot sink was determined 
essentially as described previously (Saftner and Wyse, 1980). 


The uptake capacity was determined on 1 X 6 mm discs which had been washed 
for 1 min in tapwater to remove sucrose from the cut cells on the surface. 
Thirty discs were then placed in 3 ml of 30 mM MOPS (pH 7.0) containing 40 m™ 
14c_sucrose (50,000 dpm/umol) with or without 5.0 wM CCCP. The tissue was 
then incubated for 4 h. After incubation, the tissue was given four 1l-min 
washes prior to extraction in hot 80% ethanol. Active sucrose uptake was 
calculated as total uptake minus uptake in the presence of CCCP. 


In Experiment 1, estimates of sucrose concentrations in the cellular compart- 
ments of the taproot were determined. A compartmental flux analysis (Macklon 
and Higinbotham, 1970) was also used to determine the amount of sucrose in 
each compartment in a set of unwashed discs. Sucrose in each fraction was 
determined as total carbohydrate by the anthrone method (Scott and Melvin, 
1953). Assuming the volume of the compartment did not change with treatment, 
the concentration in the compartments would be proportional to the amount of 
sucrose in each compartment. Estimates of starch levels were made by sampling 
recently mature leaves from each of the five plants in each treatment. The 
leaves were freeze dried, ground through a 40-mesh screen with a Wiley Mill 
and analyzed for starch by the method of Haissig and Dickson (1979). 


Results and Discussion 


The site and pathway of sucrose unloading from the phloem in the root sink 

of sugarbeet has not been clearly defined. However, we assume the mobilizing 
ability of the sink can be estimated from the rate of sucrose uptake by 
excised tissue discs from dilute sucrose solutions. This system requires 
transport at both the plasmalemma and tonoplast. In the intact system, only 
the tonoplast may be involved if phloem unloading is symplastic. We have not 
found the plasmalemma to be a significant barrier to sucrose uptake in fresh 
tissue discs. 
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Rates of sucrose uptake by excised root tissue discs were inversely related 
to the amount of photosynthate available during the previous light period 
(Table 1). Control plants exposed to ambient CO> in approximately 10 h of 
photosynthetically active radiation exhibited uptake rates of 230 nmol/h/g. 
As the light period was shortened from 10 to 0 h, there was progressive 
increase in rates of uptake in both experiments. When photosynthate supply 
was enhanced by increasing the CO» concentration from ambient to 1000 ppm, 
sucrose uptake rates by the tissue discs were significantly reduced. These 
data suggest that the sugarbeet root sink's ability to absorb sucrose is 
inversely related to the amount of photosynthate from source to sink during 
the preceding light period. Thus, sink capacity may limit translocation 
during periods of high photosynthetic activity. If translocation was lagging 
behind photosynthesis, leaf starch levels would be expected to increase. 


Table 1. Sucrose uptake by sugarbeet root tissue slices taken from 
plants exposed to various durations of PAR or 1000 ppm 
CO» prior to a 1600 h sampling. 
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Light duration and EXpEcY 1/4 Expt, 2 
COp treatment Active Passive Active Passive 





nmol-h7!.g-1l 





L0Fn eC 30 350 360 340 
10 h, 1000 yw1/1 CO, 180 370 270 330 
Gohted teht 440 310 
3s helieht 490 350 
ishslicht 550 390 
Oh light 380 410 670 370 
pape Sg Net le ee ale ER 

LSDed.308) 40 40 60 30 


Starch levels in the control plants harvested at 1400 h were 8.1 $0.5 per 
cent on a dry weight basis. Shaded plants were approximately 50 per cent 

lower (4.2 £ 1.4) while the 1,000 ppm COg enriched plants were 50 per cent 
higher (12.4 7 2.3).  Thissinvense correlation between sink uptake and 


starch accumulation supports the hypothesis that the sink may limit 
productivity. 


When the sucrose uptake capacity of the sugarbeet root tissue was followed 

from early morning until dusk, there was no significant change in sucrose uptake 
capacity until late in the afternoon (1800 h) (Table 2): On the days in 

which these experiments were run, the over-night temperature was approximately 

5° C. Photosynthetic rates (data not shown) were extremely low until 
approximately 1100 h. Therefore, the supply of photosynthate did not reach 

a maximum until at least noon. Thus the rate of photosynthesis probably did 


not exceed the capacity of the root sink to absorb sucrose until very late 
in the afternoon. 


According to the hypothesis of Ho, the flux of sucrose between source and 
sink should be regulated by the sucrose gradient sensed by the phloem-- 

the gradient between the site of loading and the site of unloading. 
Compartmental analysis of the Sucrose content in the vacuole cytoplasm and 
free space in the first experiment shows that the free space sucrose content 
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was not affected by the shading of CO. enriched treatments (Table 3). However, 
the cytoplasmic compartment of the CO, enriched plants was four times higher 
than that in the control or shaded treatments. This build up of CO) in the 
cytoplasm would suggest that a barrier existed in the active transport of 
Sucrose from the cytoplasm to the vacuole when photosynthetic flux to the root 
was high. This higher cytoplasmic sucrose content may reduce phloem unloading, 
thus decreasing flux from the leaf. The decreased rate of export from the 
source leaf would result in higher levels of sucrose in the leaf free space. 
This higher sucrose level would result in greater starch accumulation through 
its effect on sucrose synthesis, triose phosphate transport and cytoplasmic 
phosphate levels (Geiger, 1979). 


Table 2. Sucrose uptake capacity of sugarbeet root 
tissue throughout diurnal light period. 


Sucrose Uptake 


Time of Day Active Passive 
nmol+h7!g.~} 
0800 730 480 
1030 743 437 
1300 722. 436 
1530 749 463 
1800 614 481 
LSD (005) 100 60 


Table 3. Sucrose content of free space, cytoplasm and vacuole in 
the taproot of control, shaded or CO9-enriched 
sugarbeet plants. 


Compartment 


Treatment | Vacuole Cytoplasm Free Space 


mg sucrose/g 





Control vi/ 306 Ged 18.8 
P 254 i) Denk 
281 6.4 19.9 
Shaded V 308 orl L6??7 
P 259 6.0 18.0 
284 Pot 4723 
CO» Enriched V Zo 26.3 Tei 
P A 2 aed 20.9 

T/ aa 


VY - vascular tissue; p - interzone parenchyma 


These data suggest that in some cases the ability of the sink to absorb 
sucrose may be limiting photosynthetic rates at certain stages of growth or 
times within the diurnal cycle. These data would further suggest that the 
secondary sinks which exist in many plant tissues, i.e., soybean (Thorne, 
1979) may be a mechanism by the plant to increase its total sink capacity 
and thus regulate the flow of carbon to the developing sink at a more 
uniform rate throughout the diurnal cycle. 
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Recently Saftner and Wyse (1980) described the mechanism for sucrose transport 
into the vacuole of the sugarbeet taproot sink. The model suggests that the 
gradient of potassium from the outside to the inside of the vacuole and the 
reverse gradient of protons drives the uptake of sucrose. This gradient would 
depend on an active ATPase on the tonoplast which would generate the proton/ 
potassium gradients required. During periods of rapid assimilate transport 

to the sink, this proton/potassium gradient may be degraded. When this occurs, 
the rate of sucrose uptake would decrease. Thus, the ATPase activity at the 
tonoplast may be the factor limiting sucrose uptake in sink tissue such as 

the sugarbeet taproot. 
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SUCROSE CONTENT IS NOT REGULATED SOLELY 
BY RING DENSITY AND CELL SIZE 


Roger Wyse 
Introduction 


The partitioning of dry matter in the taproot of sugarbeet is regulated in the 
root sink (Wyse, 1979) and is independent of photosynthate supply (Wyse, 1980). 
However, the mechanism controlling partitioning within the taproot sink of 
sugarbeet is not well understood. It has been hypothesized that cell size 

and ring density control or influence partitioning between sucrose and non- 
sucrose dry matter (Wyse, 1979; Doney et al. 1981). This control mechanism 
appears to be operating when one compares sugar and fodder types. To further 
test the cell size and ring density hypothesis, a sugarbeet (AH-11) and fodder 
beet (Blanca) were grown in spacings from 25 to 400,000 plants per hectare. 

Our objective was to determine if a fodder type could be converted to a sugar 
type at very narrow spacings where cell size would be decreased and ring 
density increased. The results suggest that some unknown factor in addition 
to cell size and ring density also influences sucrose content in Beta vulgaris. 


Materials and Methods 


AH-ll and Blanca were planted in a replicated field trial on May 20, 1980. 
Each genotype was planted at five equidistant spacings of 5, 9, 12, 18 and 
24 inches. These equidistant spacings represented populations of 
approximately 25, 50, 100, 200 and 400,000 plants/ha. The normal spacing 

in the intermountain area results in a population of approximately 60,000 
plants/ha. The plants were fertilized with 225 kg nitrogen/ha. This high 
level of nitrogen was used so that a nitrogen deficiency factor would not be 
superimposed on the population treatments. 


The plots were harvested on October 15. Analyses were made for total dry 
weight of tops and roots. Each plot was further subsampled for determinations 
of ring number and cell size. Vascular and parenchymal tissue were sampled 
with a 3 mm cork bore. The cores were then divided into three subsamples-- 
one frozen and juice expressed for RDS and osmotic concentration measurements. 
A second sample of vascular and parenchymal tissue was extracted with an 80% 
ethanol and analyzed for sucrose, amino acids and reducing sugars. A third 
subsample was ashed, the per cent ash on dry weight calculated and the 

sodium and potassium content of the ash determined. Sucrose on whole roots 
was estimated by standard polarigraphic methods. Sucrose content in the 
ethanol extract was measured as reducing sugars after invertase hydrolysis 
with dinitrosalicylic acid. In the ethanol extract, reducing sugars were 
determined using the method of Nelson (1944) and amino acids using ninhydrin 


(Rosen, 1957). Sodium and potassium were measured in the ash samples by 
flame photometry. 


Results and Discussion 


The per cent sucrose on fresh weight increased with population in the range 
of 25 to 100,000 population in both genotypes (Figure 1). The fodder beet 
remained constant between 100, and 400,000 while the sugar type showed a 
decline at the higher populations. Ona dry weight basis, sucrose content 
in AH-11l was a maximum at 100,000 population, while in the fodder beet, a 
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Figure 1. Sucrose content on both a fresh and dry 
weight basis for Blanca (©) and 
AH-11 (@) grown at five populations. 
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maximum was attained at 200,000 plants/ha population. Both genotypes declined 
in sucrose as the population was increased to 400,000 plants/ha. . 


Total dry matter production was higher for the fodder beet than for the sugar 
type at all populations (Table 1). However, both genotypes continued to 
increase in total dry matter production with increases in population. Sucrose 
production per hectare was maximized at 50,000 population for the sugar type 
and approximately 100,000 for the fodder beet. 


Table 1. Total dry matter and sucrose yield in a fodder beet and sugarbeet 
genotype grown at five plant densities. 





Total Dry Matter Sucrose Per Cent Root 
Population/ha AH-l1l* Blanca AH-11 Blanca AH-11 Blanca 
T/ha Ke/ha 

25,000 LG Lite 8303 7883 69.0 Lo 
50,000 2056 24S 9680 bL293 bo 7455 
100,000 Sind 20.35 343 9194 Shed 67.9 
200,000 18.8 2a 3 6037 LO52s Sb 6 64.5 
400,000 Jie 26.6 5664 10281 {ol.S 58.8 
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Due to the stand density changes, there was a marked alteration in the 
partitioning pattern between root and shoot. At the higher populations, there 
was a greater proportion of petiole and leaf than at the lower population 
(Table 1). This fe 4 tyuical shading response. The fodder type partitioned 

a greater proportion of the total biomass to root at all populations. 


Cell volume measurements were made in the interzone parenchymal region near 
the mid point between the center and outside of the root. The mean cell 

size for the sugar type at 25,000 plants/ha was approximately equal to 

the mean cell size of the fodder beet at 200,000 and 400,000 plants/ha 

(Figure 2). Thus if cell size were a controlling factor, one would expect 

the sucrose content to be similar in the two genotypes when cell sizes were 
Similar. However, at 25,000, the sugar type had an average sucrose content of 
14.6 while the fodder beet at 400,000 had a sucrose content of only 10%. 


Differences were also apparent in the distribution of dry matter and soluble 
dry matter components in the root of fodder beet and sugarbeet (Table Lye 
There was very little difference between the sucrose content (dry weight 
basis) between vascular and parenchymal tissue of the sugar type grown at 
any of the stand densities. However, Blanca showed wide differences in 
sucrose (dry weight) between vascular and parenchymal tissue at the lower 
spacings when the ring widths were widest. In both genotypes, the osmotic 
concentration in vascular and parenchymal tissue at each of the spacings was 
not different. This suggests that an osmotic adjustment had occurred in the 
parenchymal tissue, particularly in the fodder type. This osmotic adjustment 
is evident in the higher concentrations of amino acids, reducing sugars and 
potassium in parenchymal tissue. In all cases the fodder beet parenchymal 
cells were much higher in these three components suggesting that the osmotic 
difference due to sucrose content between vascular and parenchymal tissue 
had been adjusted by these three compounds. This same osmotic adjustment 
occurred only in Blanca when cell size and density were the same as AH-1ll. 
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Figure 2. Cell volume and mean ring width for 
Blanca (©) and AH~11 (@) grown 
at five populations. 
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In other words, even when cell size and vascular densities are similar, the 


fodder beet still has higher amino acids, reducing sugars and potassium in 
the interzone parenchymal cells suggesting a basic physiological difference 
between + two genotypes. 

From this study, we conclude that the differences in assimilate partitioning 


between sucrose and non-sucrose dry matter in the root sink of fodder beet 
and sugarbeet are controlled in part by cell size and vascular density. 
However, other physiological controls exist which also provide a strong 
influence on carbon allocation patterns. Therefore, further work is needed 
to develop a thorough understanding of carbon allocation in the root sink 
of Beta Vulgaris. 
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VIII. FODDER BEET AND SUGARBEET FOR BIOMASS FUEL 


J. C. Theurer and D. L. Doney 


Widespread interest has been generated during the past few years regarding the 
potential use of fodder beets for alcohol fuel production because root yields 
are higher than for sugarbeet. European data show fresh root yields of 60 to 
160 metric tons per hectare with a dry matter content from 8 to 19 percent for 
the ¢yrrently used fodder beet varieties. New Zealand studies (Dunn etal. 
1978) also suggested that greater yields of fermentable sugars are possible 
from fodder beet than from sugarbeet. Very little attention, however, has been 
given to the use of sugarbeet or fodder beet as a "fuel crop" in Europe. 


The fodder beet has not been grown extensively in the United States as a field 
crop. However, in most ways this crop would be cultured very similarly to 
current methods for producing a sugarbeet crop since fodder beets are of the 
Same species and are somewhat similar in growth. Critical research data from 
actual field testing to compare sugarbeet and fodder beet varieties, and to 
assess their relative merit as "fuel crops", is urgently needed. 


A. NATIONAL COOPERATIVE FODDER BEET TRIAL 


in a special alcohol fuel research meeting, held at Salt Lake City, Utah, on 
February 5, 1980, a proposal was made and plans established to conduct a uni- 
form cooperative fodder beet field experiment at seven locations during the 
summer of 1980. Dr. J. Clair Theurer served as the project supervisor. The 
locations and cooperating scientists at each location is given below. 


Location Cooperator 
Logan, Utah Dr. Devon Doney, Research Geneticist 


American Falls, Idaho Dr. John Gallian, University of Idaho 
. Extension Agronomist 


Fort, Collins, Colo. Dr. Garry Smith, Research Geneticist 
palinas, Calif. Dr. Robert Lewellen, Research Geneticist 
East Lansing, Mich. Dr. George Hogaboam, Research Agronomist 
Fargo, N. Dak. Dr. William Bugbee, Research Pathologist 
Meridian, Miss. Dr. Dempsey Broadhead, Research Agronomist 


All of the locations except American Falls and Meridian were major USDA-SEA-AR 
Sugarbeet research stations where personnel were very familiar with sugarbeet 
cultural practices, Sampling techniques, harvest procedures, and laboratory 
analysis of sugars. Field harvest and laboratory analysis for the American 
Falls test was completed in cooperation with John Gallian (U of I) and under 
the direction of Logan personnel. The Meridian test was abandoned because 
leaf spot and root rot diseases destroyed almost all plants in the test, and 
those beets that survived to harvest were badly deformed. 


———— 


— Dunn, J. S., Henderson, C. Fe, Pointer, Du Jc. stecte ake E., and Young, 
R. J. 1978. Ethanol produced from fodder beet. New Zealand Agricultural 
Engineering Institute, Lincoln College, Canterbury, New Zealand. 
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Materials and Methods 
Experimental Design 


The experiment was planned to be of a similar design at all locations with each 
location following the recommended cultural practices for sugarbeets in their 
locality. Individual plots in each experiment were 4 rows, 6 meters (202 feet 
long), and of a standard row width of 56 cm or 71cm (22 or 28 inches), used for 
Sugarbeets at each of the specific locations. At the 4- to 6-leaf stage, plots 
were thinned to leave one plant every 20 to 30 cm (8 to 12 inches) within the 
row. Planting dates and harvest dates were as follows: 


American Fort East 
Logan Falls Collins Salinas Lansing Fargo 
Planting Date May 2 ADL sae Apr. 18 ADT. 9 May 5 May 20 
Harvest Date te to UCL. oo Dotson Cte. Oct, who Septr. 25 


Colcural Practices 


Fertilizer and irrigation were the standard practices for growing sugarbeets 

at each locality. No fertilizer was applied at the Fargo location due to a 
high residual nitrogen level in the soil. At some locations, herbicides were 
used for weed control. At Salinas, sulphur was applied to control powdery mil- 
dew. Thimet was incorporated into the soil at American Falls, and a weekly 
spray program with malathion was followed at Logan to control curly top. Ben- 
late and Super Tin 4L were used to control leaf spot at East Lansing. Fort 
Collins had a serious infestation of grasshoppers in July and August and cygoa 
was applied by helicopter for control. 


Varieties 


Sixteen entries were included in the experiment consisting of 14 of the best 
current commercial fodder beet varieties from Europe, and two commercial hybrid 
sugarbeet varieties as checks (Table 1). Great Western Mono-Hy-D2 was used as 
a uniform check and was planted at all locations. The other sugarbeet check 


variety was a high yielding, locally adapted variety, selected by each coopera- 
tor. 


At the Fort Collins location, GWD2 served as the local check as well as the 
standard uniform check. A high yield variety from the Netherlands, Zwaan Poly, 
was included in the test in place of another local check variety. The locally 
adapted check varieties for the respective locations were: USH11 at Salinas; 
AH10 at Logan and American Falls; GWD2 at Fort Collins; Hilleshog 309 at Fargo; 
and USH20 at East Lansing. Personnel at the Logan station packaged the seed of 
each entry except the local check variety and shipped the seed to each location 
on March 5, 1980. Each station packaged the seed of their local variety and 
planted the experiment. 
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Table 1. Root, top, sugar, and potential alcohol yield of European fodder 


beets in uniform cooperative field experiment, Logan, Utah, 1980. 


Potential 
Row! Top Reducing Sugar Alcohol 
Wi Weight Sucrose Sugar Yield Yield, ) 
Variety ; t/ha a a t/ha Gal/A = 
GWD2 Aad 17.38 0.20 Linco 715 
AH1LO 38 45 54,05 LG a0 0.20 Oot 583 
Lamono I 92.92 eee Diener Dates Lledo 748 
Lamono IT 100.94 38.99 deed, 0.49 12.05 806 
Monorosa 76.20 55.49 13.98 0.28 10 sG2 689 
Yellow Daeno 88.18 42.09 10.20 He de a OL 606 
Monoblanc 80.69 ets te 1 dee 0. 34 10.36 660 
Kyros 94.30 LY PEN 11.64 iss Lit f2k 
Monara 12 45.09 9.14 0.50 De dp 623 
Monriac 94.68 51.99 2245 et. ere 750 
Eckdobarres 98.30 46.84 9.43 OF L 9.78 623 
Oscar 102 1 44.80 9.43 0.63 LOesG 656 
Beta Rose Sugar 81780 Dog leas 0.40 9.50 605 
Barsein 88.13 48.19 1326 0.37. 11:99 764 
Monovigor Eh ad. eta 12.08 0.29 11.80 1 De 
Monosrover OD ah) et Dee Os 32 aL ake, 718 
Mean 88.03 48.49 0 aS) 0.38 LOS od 689 
LSD .05 Boe tac 0.89 0.08 Leia 78 
GeV DIS Gw 18.42 8.95 24.97 Lone 13.92 
a Is ee O40 1 19 92, og 


Vr convert to liter/hectare, multiply bY 9. 35. 


Variety trials at all locations were harvested by hand. All beets from 18 feet 
of the two center rows of each plot were dug, cleaned, and separated into roots 
and tops by removing all green from the crowns and leaving the crowns intact 
with the root. Roots and tops were immediately weighed to determine root and 
top weight of each variety. Two representative tops were weighed, dried in an 
oven at 100 C, and reweighed to determine dry matter percent in the tops. Ten 
or more beets from each plot row were washed and sampled using standard sugar- 
beet laboratory techniques for sugar analysis. A sample of pulp was weighed, 
dried in an oven at 100 C, and reweighed to determine the dry matter of the root 
for each variety. Percent sucrose was determined by the standard cold digest- 
ion method for the Logan, Salinas, and American Falls locations, and by the 
thin juice method at Fort Collins, Fargo, and East Lansing. Brei samples were 
clarified with aluminum sulfate solution (1 gm anhydrous aluminum chloride/ 
liter of water) instead of the normal subacetate solution. 


Five to ten ml of filtrate from each field plot at each location was frozen and 
shipped to Logan for use in determining sugars other than sucrose in the beet 
varieties. Reducing sugars (glucose and fructose) were quantified in the fil- 
trate using dinitrosalicylic acid reagent and determined for sugar content 
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colorimetrically. Sodium and potassium content of the varieties grown at 
Logan and American Falls were determined on the filtrate with a Corning 
spectrophotometer. A sample of 100+ grams of brei from each plot at each 
location except American Falls was frozen and sent to the Peoria Research 
Center for ash, protein, fiber, and total carbohydrate analysis. 


Data Summary and Statistical Analysis 


Raw data at each location was entered on a series of data sheets and returned 
to Logan for statistical analysis and summarization of the research project. 
Statistical analysis was completed using the Utah State University Computer 
Service. : 


Results 
Logan, Utah Experiment 


The trial at Logan had an excellent stand and beets showed good, vigorous 
growth throughout the growing season. Root yield of the fodder beets ranged 
Prom 70.20 to 102:41 metric tons per hectare (34 to 46°t/ha) (Table 1). All 
varieties were significantly superior in root weight when compared to the GWD2 
check. Lamono II, Monara, Eckdobarres, Oscar, Monovigor, and Monosrover had 
50 percent greater yield than GWD2. The fodder beet varieties differed in top 
yield but there was no significant difference between any fodder beet variety 
and the uniform sugarbeet check. The sucrose percentage of GWD2 (17.38 per- 
cent) was significantly better than any of the fodder beet entries, which 
ranged from 9.14 to 13.98 percent. The best fodder beet variety had only 80 
percent as high sucrose content as the check. In general, varieties having 
high yield were low in sucrose and vice versa. Reducing sugar percentages 
were all less than 1 percent and averaged 0.38 percent. Fodder beets were 
higher in reducing sugar than sugarbeets, and those with the highest percent- 
ages were also those with the lowest sucrose percentages. Lamono II, a sugar- 
beet X fodder beet hybrid, had the highest total sugar yield and exceeded the 
GWD2 check by approximately 13 percent. This was the only fodder beet variety 
that significantly exceeded GWD2 for total sugar. 


Potential alcohol yield ranged from 583 to 806 gallons per acre based on an 
85 percent conversion rate (14.0 pounds of sugar equal to a gallon of alcohol). 


Dry matter of the fodder beet varieties averaged 17.5 percent in the fresh 

root and 12.6 percent in the fresh top. All varieties were significantly lower 
in percentage dry matter than the sugarbeet GWD2 check. Varieties higher in 
total root dry matter were also those having the highest total sugar yield. 


The local check variety, AH10, included in this experiment, is used widely in 
this area as a commercial hybrid. AH10 was lower in yield, sucrose, and total 
sugar than GWD2. 
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American Falls, Idaho Experiment 


The plots at American Falls had a few stand problems and showed slight damage 
due to Nortron herbicide application in the early stage of development. The 
test results were similar to those observed at Logan (Table 2). The fodder 
beets had significantly higher root yields than sugarbeets, ranging from 84.58 
to 115.84 metric tons per hectare (38 to 52 t/a). 


a a eens naan Io ase Hon STINET NAIA 
Table 2. Root, top, sugar, and potential alcohol yield of European fodder 


beets in uniform cooperative field experiment, American Falls, 


Idaho, 1980. 
ee ee SE eee 


Potential 
Root Top Reducing Sugar Alcohol 

Weight Weight Sucrose Sugar Yield Yield 1/ 

Variety t/ha t/ha v3 a t/ha Gal/A = 
GWD2 64.274" Ws lea? 16.93 0.18 10.97 699 
AHLO 64.25 48.31 Ue 63 0.18 eae 2 728 
Lamono I LO QL 40.31 £1283 0.22 L2%32 785 
Lamono II 98.84 34.96 11.88 0.26 1.22.03 766 
Monorosa 84.58 = 651513 14.54 0.20 12.40 790 
Yellow Daeno 94555 36.67 10.83 0.24 10.48 668 
Monoblanc 5/20) em oe OG £3;,05 0223 LISso bas 
Kyros 104.73 36.97 zLees 0.30 Liv96 762 
Monara LOE 22 31489 we Gat? 0.31 0677 622 
Monriac 1097682 yn a7 0G £0683 O221 i25u3 766 
Eckdobarres Liane 40.25 7.93 Oa62 9958 608 
Oscar Lees d 39.39 £0527 0.43 LYS9Y 759 
Beta Rose Sugar 100.78 51.83 o743 0.28 O63 614 
Barsein 99431 9536268 33%05 Og25 12.44 793 
Monovigor 102.63 42.64 11.84 0.18 12022 779 
Monosrover 93.630 33 aS ciel 0.20 LEeoL /2 708 
Mean 22601) 6 cGmeod bE.99 On25 L236 724 
LSD..05 LOn7.6 “SLO. 08 eee Oeue bodZ tLe 
OC cbe 219 PAS L244 35.78 20.81 20282 


rE EEG 35 T8 20581 9 8 20 
1 
Vay convert to liters/hectare, mu LES Biveby nso 
-_—-—-—0—asSBaSan9nanSnananan3SaSS hint 





The check varieties significantly exceeded the sucrose percentages of the 
fodder beets. High yielding fodder beet varieties generally were lowest in 
Sucrose percentage and vice versa. The fodder beet varieties were slightly 
higher in reducing sugar than the sugarbeet checks but none of them exceeded 
one-half of 1 percent. Fodder beet varieties Monorosa and Barsein significant- 
ly exceeded the sugarbeet checks in total sugar yield. Potential alcohol 
production ranged from 608 to 793 gallons per acre. The local check variety, 
USH1O, was similar in root and top yield to the GWD2 check. 
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Fort Collins, Colo. Experiment 


The Fort Collins field plot had relatively good stand and excellent growth in 
the early part of the season. A serious infestation of grasshoppers invaded 
the plot in late July and it became necessary to spray the field to control 
this insect. A leaf burn and necrosis of the older beet leaves resulted from 
the aerial insecticide application, possibly due to residual chemical in the 
Spray tanks of the commercial applicator. Growth was set back for a weck or 
two until new leaves developed. 


All fodder beet varieties significantly exceeded the GWD2 check for root yield, 
ranging from 70.10 to 88.74 metric tons per hectare (31 to 40 T/A) (Table ibe 
The highest yielding variety, Kyros, had 56 percenr rearer root yield than 
GWD2. WD2 was significantly higher in sucrose percentage than all other 
entries in the experiment. Fodder beets ranged from 9.03 to 12.99 percent su- 
crose. Fodder beets had far more reducing sugars than sugarbeets; however, 
only one variety exceeded one-half of 1 percent. The sugarbeet varieties pro- 
duced the greatest total sugar yield, and consequently they would yield the 
greatest quantity of alcohol. Potential alcohol yields ranged from 458 to 677 
gallons/acre. 





Table 3. Root, top, sugar, and potential alcohol yield of European fodder 
beets in uniform cooperative field experiment, Fort Collins, Colo... 








1980. 

Potential 

Root Top Reducing Sugar Alcohol 

Weight Weight Sucrose Sugar Yield Yield, | 

Variety t/ha t/ha yi A t/ha Gal/A~ 

GWD2 56.88 40.70 17 eo 0.14 10.06 641 
Zwaan Poly 66.81 40.82 ee 0.10 10.62 677 
Lamono I 72.08 25675 RCTS 0.19 o515 582 
Lamono II 75.46 arto LeU On3 8.93 569 
Monorosa 72.84 40.00 12.99 eam 0 609 
Yellow Daeno LTS 29.50 10.05 0.44 7.49 477 
Monoblanc 76.44 40.82 DLS 0.26 9.32 594 
Kyros 88.74 38.78 ae 0.30 Lee 645 
Monara 82.07 elielae 9.03 0.39 7.69 490 
Monriac TIS S34 11.66 0.24 a 581 
Eckdobarres 78.64 2.0L 8.79 0.40 Teo 458 
Oscar 86.92 34.40 62 0.44 Be os Se 
Beta Rose Sugar 83.74 47.45 10.85 0.28 9.29 292 
Barsein TO. LO 32.06 12.64 aa 9.06 ad 
Monovigor — 85.66 36.30 1.04 O24 9.82 626 
Monosrover Toa? 32.74 LTS 0.25 sy 610 
Mean 76.57 34.45 deo 0.30 9.10 580 
LSD .05 10.86 po 0.87 Oris 1.06 68 
C.Ne 17 4G 33420 9.07 lethal 1AnA5 14.35 


er norere to liters/hectare, multiply by 9.35. 








Salinas, Calif. Experiment 


In spite of some damping off of seedlings in the Salinas experiment, a rela- 
tively good stand was attained. A low-to-moderate incidence of several di- 
seases occurred in the plot; however, they were not of any magnitude that 
would influence the validity of the data. The plots appeared to be short on 
nitrogen and were fertilized mid-season to increase growth. The yield of the 
Sugarbeet varieties was lower than expected for these varieties, which usually 
produced 90 t/ha (40 T/A) with a 15 percent sugar percentage under similar 
growth conditions. 


Fodder beets again significantly produced greater root weight and had signi- 
ficantly lower sucrose percentage than the sugarbeet checks (Table 4). Mono- 
rosa was the fodder beet variety having the highest sucrose percentage, and it 
was only 76 percent of GWD2. On the average, the reducing sugar was greater 
for the fodder beets; however, the variety with the largest percentage, Oscar, 
was only one-third of 1 percent. Barsein produced 12 percent more total sugar 
than GWD2, a statistically significant difference. Potential alcohol yield 
ranged from 476 to 689 gallons per acre. 





nS 


Table 4. Root, top, sugar, and potential alcohol yield of European fodder 
beets in uniform cooperative field experiment, Salinas, Calif., 1980. 


Potential 

Root Top Reducing Sugar Alcohol 

Weight Weight Sucrose Sugar Yield eo 

Variety t/ha t/ha 7, o t/ha Gal/A = 
GWD2 53.08 25.68 Taaus 0.18 9.47 610 
USH11 61.3 27.96 15 232, 0.416 9.49 604 
Lamono I D5 vi 15.93 11.228 0.22 9.81 625 
Lamono II 81.93 20.24. 11.40 0.33 9.65 615 
Monorosa 75.05 25 -A0 12 2e 0.18 9.35 596 
Yellow Daeno 82.49 21. 04 8.92 0.26 d <p 481 
Monoblanc 65.14 27,01 Ee eee TateG 476 
Kyros 88.14 28.95 10.52 0.26 9.46 603 
Monara 100.95 2 wD Ds 0.26 9.06 577 
Monriac 84.40 21 «Db 4 lV 0.18 9.53 607 
Eckdobarres 100.79 24,50 BOS Oe20 See 530 
Oscar Peo Zee eae 0.34 8.06 513 
Beta Rose Sugar 96.50 31.05 O ao Ua25 9.44 601 
Barsein 85.42 oi aZ 12.48 0.19 10¢81 689 
Monovigor 81.92 25516 baby Us 2a Se 608 
Monosrover 81.90 20.59 LO S52 520 8.78 559 
Mean S220 Dos OL 11.09 0.24 ake 581 
Les .05 9.14 4.58 0.78 0.07 103 66 
Calg 1S aos 22596 8.60 34.86 aya 13.92 


Ly 
~ To convert to liters/hectare, multiply by 9.35. 
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The adapted check variety, USH11, had higher root yield, slightly lower sucrose 
percentage, and the same total sugar yield as GWD2. 


East Lansing, Mich. Experiment 


Fodder beets had higher root weight than the two sugarbeet check varieties with 
a range of 58.85 to 79.35 metric tons per hectare (26 to 35 T/A) (Table 5). 

The sugarbeet varieties had significantly greater top weight and sucrose per- 
centage. The highest sucrose percentage of the fodder beets was again the 
variety Monorosa with 78 percent as much as GWD2. Reducing sugars were signi- 
ficantly higher for fodder beets than for sugarbeets, but again were less than 
l’percent. The fodder. beet Kyros gave the greatest total sugar yield, which 
was 7 percent, but not significantly better than the GWD2 check. Potential 
alcohol varied from 386 to544 gallons per acre. USH20 yielded about 90 percent 
as much total sugar as GWD2. 





Table 5. Root, top, sugar,.and potential alcohol yield of European fodder 
beets in uniform cooperative field experiments, East Lansing, Mich., 





1980. 

Potential 

Root Top Reducing Sugar Alcohol 

Weight Weight Sucrose Sugar Yield Yield, ; 

____—*Variety t/ha t/ha a i t/ha Gal/A~— 
GWD2 pees ees Lo Led 0.19 8.02 eet. 
USH20 47.41 28.74 14.90 O11 Po 456 
Lamono I 67.36 20205 tee es halt 493 
Lamono II 68.14 Lhie26 in 0.40 ea 504 
Monorosa 62,14 7 OL LESS O77 7.48 477 
Yellow Daeno Lots ee 15.40 O25 Oras 6.32 403 
Monoblanc 6.72 23.66 10.96 0.26 262 486 
Kyros Cees 22526 10.62 0.26 aD 544 
Monara Teo Tes £1 8.54 a To 452 
Monriac 72619 2ano7 10.54 0.24 Foto 494 
Eckdobarres 70.93 16.80 8.05 0.45 6.06 386 
Oscar fax 30 15.86 5.99 0.50 6.69 426 
Beta Rose Sugar 68.49 29.64 9.50 0.27 6.69 425 
Barsein S6.00 L9 S64 10.99 0233 6.62 422 
Monovigor 69.75 202 2d. 10.84 ees hd 491 
Monosrover 65.06 18.85 LO. ce Oeae ieee 453 
Mean 66.92 20.98 10.80 0.30 TeZe 464 
LSD .05 8.85 4.48 Caro 0.10 eo 62 
evs EG. 26 206235 8.69 G2uL 16.40 16.4 z 





Uo convert to liters/hectare, multiply by 9.35 - ce 


a 
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Fargo, N. Dak. Experiment 


A severe early spring drought was experienced at Fargo. One irrigation was 
required in this normally non-irrigated sugarbeet area. Emerging with the 
beets was a very heavy population of grass, mallow, and redroot pigweed. A 
post-emergence herbicide was applied, which, coupled with difficult thinning 
conditions, resulted in relatively poor stands. The fodder beets at this 
location also had higher root weight and lower sucrose content than the check 
varieties (Table 6). GWD2 had more top weight than the fodder beet varieties, 
but the local check Hilleshog 309 was about equal in top weight. 


Sucrose percentage at this location was extremely low. This, no doubt, was 
due to the high nitrogen residual of 330 N per acre in the plot. The check 
varieties were higher than fodder beets, but the best one contained less than 
11 percent sucrose. Fodder beets were generally higher than sugarbeets for 
reducing sugar percentage, but as seen previously for other locations, the 
percentage was only about one-half of 1 percent, or less. Sugar yields averaged 
only 4.4 metric tons per hectare and GWD2 was equal to the best fodder beet 
entries. The local check, Hilleshog 309, was Significantly better than all 
fodder beets in total sugar yield and exceeded the best fodder beet variety by 
10 percent. The potential alcohol yield was low at Fargo compared with other 
locations and ranged from 215 to 364 gallons per acre. 


See et eerie 
Table. s 800 L.utop. sugar, and potential alcohol yield of European fodder 


beets in uniform cooperative field experiments, Fargo, N. Dak.g oa oe0n 











Potential 
Root TopA Reducing Sugar Alcohol 
Weight Weight Sucrose Sugar Yield Yield 
Variety t/ha tha Z %, t/ha Gal/A La! 
ea Se Be ee 2 CAN 
GWD2 Gane 67.80 10.40 0.25 4.65 296 
Hilleshog 309 5aS 94s 43.76 10.78 Deeg 5.H2 364 
Lamono I 72.86 47.68 6.73 0.29 yes 328 
Lamono IT 65.40 35.53 6.62 0.34 4.55 290 
Monorosa 60.89 Oss th 4.28 O.29 4ST 291 
Yellow Daeno 57.48 A055 6.63 0.26 3.98 254 
Monoblanc 59557 46.57 6.33 0.36 3. OF 253 
Kyros 57.69 43.32 6.59 0.40 4.01 256 
Monara 70533 46.80 aos 0.40 See 215 
Monriac 67.96 ena Gus Q.22 Saar ees 289 
Eckdobarres 70.46 &9 35 a O.37 3.87 247 
Oscar 80.83 51.68 7.03 0.56 4.46 284 
Beta Rose Sugar (eee 64.14 4.84 0.36 eS 25P 
Barsein 56.99 31534 Dua! 0.29 4.38 279 
Monovigor 67270 5b oy 6.68 Ov25 4.69 299 
Monosrover 7G) Dae bk 3.93 0.26 4.45 284 
Mean 64.58 Ue Jae 6.70 GQ. Se 4.40 280 
fal 5 £3589 10.56 iii ee | 1.24 79 


| 
ae 26.46 25.90 20.27 41.93 34.76 35.78 | 
ee 1 eee 
—_fo convert to liters/hectare, multiply by 9.35. 
ace 
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Combined Locations 


There were significant differences between locations with most of the variation 
due to the Fargo location. Logan and American Falls locations had the greatest 
Sugar yield. Salinas and Fort Collins were intermediate, and East Lansing and 
Fargo were relatively low in the total sugar produced for fermentation. Signi- 
ficance was also noted for genotypes by locations interactions. At each loca- 
tion, there was a different variety that yielded the highest amount of ferment- 
able sugar (Table 7). At Logan, Lamono II was highest in sugar yield; at 
American Falls, Monorosa; at Fort Collins, Kyros; at Salinas, Barsein; at East 
Lansing, Kyros; and Fargo, Lamono I. Only five instances were noted where a fod- 
der beet hybrid significantly produced greater total sugar than GWD2. Fargo 
was the only location where the local check variety was significantly higher 

in sugar production than the GWD2 check. The variety Hilleshog 309 was also 
the only one that exceeded all of the fodder beet entries in sucrose yield. 


Table 7. Total sugar yield of fodder beet X sugarbeet hybrids expressed in 


% of GWD2. 
American Fort East 

Variety Logan Falls Collins Salinas Lansing Fargo 
Lamono I 105 cla 102 111* 
Lamono II 113* 108 101 
Monorosa 113* 
Kyros 101 LOY LOT 
Monoblanc 104 
Monriac 104 109 

Barsein 107 112* 113* 
Monovigor 105 ee 101 


Discussion 


The large visual size of fodder beets gives the impression that fodder beets 
are the panacea for fuel production and are far superior to sugarbeets as a 
fuel crop. However, data from replicated field trials at several locations in 
1980 indicates that most European fodder beet varieties are not superior to 
adapted sugarbeet varieties. In addition, all fodder beet varieties are highly 
susceptible to curly top, cercospora, leaf spot, sclerotium rot, and other 
serious diseases. 


We had been led to believe that fodder beets contained considerable amounts of 
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non-sucrose sugars that would greatly increase the total amount of Sugars 
available for fermentation. This is a fallacy rather than a fact. Reducing 
Sugars never exceeded 1 percent and usually were about one-fourth to one-third 
of 1 percent. Extremely higher yielding fodder beets frequently are very low 
in sucrose and their total sugar yield is significantly lower than varieties 
that have had some introgression of sugarbeet germplasm into them. The highest 
yielding fodder beet varieties tested this year were actually sugarbeet X 
fodder beet hybrids. 


Conclusions 
1. Fodder beets had significantly higher root weight than sugarbeets. 


2. The sugarbeet check varieties had Significantly greater sucrose percentage 
than fodder beets. 


3. Reducing sugars, although greater in fodder beets, accounted for less than 
1 percent of the total sugar in any of the varieties tested. 


4. Varieties that have less than approximately 12 percent sucrose content do 
not yield sufficient total sugar yield to be a potential for a "fuel beet." 


5. Very few fodder beet varieties were significantly better than the GWD2 
universal check or the local check at any location in total sugar production. 


6. There was a significant variety by location interaction for root yield, top 
yield, and total fermentable sugar yield. 


B. INTERMOUNTAIN UNIFORM TRIAL OF 
EUROPEAN FODDER BEET VARIETIES 


Twelve European fodder beet varieties and two commercial sugarbeet check 
varieties, GWD2 produced by Great Western Sugar, and AH1O produced by Amalga- 
mated Sugar, were planted for evaluation in replicated field experiments at 
Logan, Utah; Fillmore, Utah; and Prosser, Wash. Six replicates of 4-row plots, 
56 cm (22 inches) apart and 5m (17 feet) long, were planted at each location. 
The characters studied and the methods for their determination were the same 

as cited for the national uniform fodder beet trials. 


Results 


Excellent stands and good plant growth was observed for both the Logan and 
Rexburg locations. At Fillmore, we experienced a heavy infestation of curly top 
disease that may have affected the reliability of the data as far as evaluating 
Liator totalsviel ds However, it was a valid test demonstrating the effects of 
curly top, to which all fodder beets are highly susceptible. One variety, 


Camobarres, was not harvested at the Fillmore location due to the poor plot 
stands resulting from the curly top infection. Curly top disease was so serious 
in the Prosser tes odder beets had over 80 percent severely infected or 


dead plants) that 1s abandoned without taking any harvest data. 
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Fodder beets were significantly higher than sugarbeets for root weight at Logan 
(Table 8), and Rexburg (Table 9). At Fillmore, the sugarbeets and fodder beets 
had similar root yield (Table 10). This, no doubt, was due to the curly top 
resistance of the sugarbeet varieties versus the susceptibility of fodder beets 
to this disease. Fodder beet root yields ranged from 72.15 to 101.94 metric 
tons per hectare (32 to 45 T/A) at Logan, and 75.05 to 111.31 metric tons per 
hectare (33 to 50 T/A) at Rexburg. The sugarbeets had larger top weights than 
part of the fodder beet varieties and equal top weight with others. The 
average top weight at both Logan and Rexburg was 84 percent of the GWD2 check. 
Sucrose percent was significantly higher for the sugarbeet varieties at all 
locations. Monofix and Cimarosa varieties were the fodder beets with the 
highest sugar percentage at each of the locations, averaging 83 to 89 percent 
of the sugar percentage of the GWD2 check. 





Table 8. Root, top, sugar, and potential alcohol yield of European fodder beet 
varieties in intermountain regional test, Logan, Utah, 1980. 


Potential 

Root Top Reducing Sugar Alcohol 

Weight Weight Sucrose Sugar Yield Yield / 

Variety t/ha t/ha ys i t/ha Gal/A — 
GWD2 64.92 SO. 05 16.58 eae LOS76 686 
AH14 Sy easel. ule. aol dD (ee sLa7 8.84 563 
Meka Otofte BaD Si at 13 2.555 Qa dl aS 728 
TC05/22-3 Oe Ue 48.00 ‘ls Ow Oo25 Nate OLE 702 
Monorosa 80.12 54.83 13. 9D O 524 an eryele 682 
Monoparte TOL S2 37.89 TOeoS 0.29 Oe Al 682 
Monofix i eO 49.50 See als Oe 10.66 679 
Monoblanc 82.95 Beare PES! On25 O22 651 
Barb 79-1 OD ae 56.7 0 LOS 0.24 Ota: 644 
Cimarosa ei 52.49 le eS 0.16 9.94 633 
Solanka er 39.66 eheOO Uae? 9.61 612 
Camobarres 101.94 oe OL 9.14 OS37 Ore: 593 
Zentaur 99.77 46.78 8.93 0739 8.90 567 
Monoborris 95.74 48.23 9.26 es 8.84 563 
Mean So2/ 47.179 Lele Oe25 OROF 642 
oe. OS 7.99 Peesk Ole, 7A: Oy POG 68 
Gove Sit 12.89 yereal 25042 OTe, Oma 


Uno convert to liters/hectare, multiply by 9.35. 





Fodder beets were higher in reducing sugars than sugarbeet; however, at every 
location, the reducing sugars did not exceed one-half of 1 percent. Thus, 
reducing sugars contribute very little to the total sugar yield. The sugar- 
beet check varieties exceeded all of the fodder beet varieties in total sugar 
yield at Fillmore. Two fodder beet varieties produced at Logan produced 2 and 
3 percent greater sugar yield than the GWD2 check. The fodder beet variety 


Monofix produced 12 percent (statistically significant) more total sugar than 
GWD2 at Rexburg. Five other varieties had sugar yield greater than the check, 
ranging from 2 to 8 percent higher. The estimated alcohol yield was 563 to 
728 gallons per acre at Logan, 605 to 747 gallons per acre at Rexburg, and 

508 to 772 gallons per acre at Fillmore. Dry matter content of fodder beet 
varieties was similar to that noted in European fodder beet trials. There 
were very few differences between the two check varieties in their yield, dry 
matter, or impurity contents. 





Table 9. Root, top, sugar, and potential alcohol yield of European fodder beet 


varieties in intermountain regional test, Rexburg, Idaho, 1980. 


Potential 

Root Top Reducing Sugar Alcohol 

Weight Weight Sucrose Sugar Yield Yield, 

Variety _—it/ha t/ha is 4 t/ha Gal/A — 
GWD2 65. ut 64.53 57) hers 10.44 665 
AH14 Sia 57585 16.65 ies 10.97 699 
Monofix 83.47 tee ee Te 2k: 0.24 Sees 747 
Cimarosa 79.84 56.89 LeLoren Ons eee 716 
Barb 79~2 98.01 62.69 er 0.24 LI 2g 716 
Monorosa Ta dak 56.92 ae 0.22 10.80 688 
Monoblanc 85.92 60.07 12.45 0.29 ULES 682 
Meka Otofte 79.05 38.30 Teo aad - 10.68 681 
Camobarres bits 3. 51.49 9.43 Onoe 10.48 668 
Solanka 89.77 43.88 11.59 0.28 10.36 660 
TC5/22-3 88.59 48.76 el os 0.36 £0.20 650 
Zentaur 110.33 SO .o1 8.95 0.46 9.85 628 
Monoparte Si 0s a aero 10.08 0.40 9.78 623 
Monoborris 94.83 49.89 10.09 Ome 0 9.50 605 
Mean 87.82 53.90 12.39 0.30 aie od 673 
LSDP- o> a8 10.69 Les 0.08 1g 682 
Civ: 7.08 ye 8.09 22502 9,76 9.76 





A SE 


ah 
= +'to convert to liters/hectare, multiply by 9.35. 








It was noted that high root yield varieties as Camobarres and Zentaur had the 
lowest sugar percentage of fodder beet varieties. Fodder beet varieties that 
gave the greatest total sugar, i.e., Monofix, Cimarosa, and Barb 79-1, are 
European sugarbeet X fodder beet hybrids. This suggests that the best POLeiE 
ial for a "fuel beet" will be a sugarbeet X fodder beet hybrid, and not a 
fodder beet per se. 
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Table 10. Root, top, sugar, and potential alcohol yield of European fodder 
beet varieties in intermountain regional test, Fillmore, Utah, 1980. 





Potential 


Root Top Reducing Sugar Alcohol 
Weight Weight Sucrose Sugar Yield Yield, 
Variety t/ha t/ha Z, % tyha Gale eae oe 
GWD2 75265 20.10 16.00 UPrES 2 ee tees 
AH14 1205 23.08 LS?6zZ O2L3 ee eS 767 
Monofix 80.11 P2522 E3762 0.19 10.83 690 
Barb 79-1 100.93 U5 742 LOVS? 0.26 10.64 678 
Cimarosa 76.86 9.20 13 734 G 526 LOU 24 652 
Monoblanc 78.24 LL IAG 22357 0.25 9.86 628 
Monorosa 74 374 12.64 LA. te Os2a 9.47 603 
Meka Otofte PO SLF OFT eZee 7.23 9.18 585 
Solanka 74.86 Srsg P2720 0.19 ee 581 
TC5/22-3 PAARL 8.02 Par ere Oe tee 560 
Monoparte 80.58 Ret LOSS 0.43 Sots 532 
Monoborris 81.62 PeaG LOSES ny 8.30 529 
Zentaur 76.81 6.83 iO.4u Uso Peds 508 
Mean 78.63 Le. 43 LoL 0.28 9.76 622 
LSD .05 14.60 4.86 1.08 ee Leos Phe 
iS 6iV 16.08 36.59 PO Treo eu 12.60 


1 convert to liters/hectare, multiply by 9.35. 


Conclusions 


1. Fodder beets have higher fresh root weight than sugarbeets, mainly due to 
their high water content. 


2. Sugarbeets have higher sucrose percentage and dry matter in the root. 


3. One sugarbeet X fodder beet hybrid, Monofix, was the only fodder beet 
variety to yield significantly higher sugar and potential alcohol than the 
GWD2 commercial sugarbeet hybrid. 


C. MISCELLANEOUS FODDER BEET FIELD EVALUATION EXPERIMENT 


This test consisted of a sugarbeet check variety (GWD2), a high sugar content 
hybrid (LHS-1), and 28 fodder beet varieties received from Europe that had not 
been used in other field experiments. Three replicates of 2-row plots, 56 cm 
(22 inches) apart and 6 m (20 feet) long, were planted on the experiment station 
farm at Aberdeen, Idaho. The same varieties were also planted in four repli- 
cates of 4-row plots, 6 m long, at Logan. Only the center rows were harvested 
at Logan while the entire plot was harvested at Aberdeen. Methods of harvest, 
sampling, and laboratory determinations were otherwise similar to the other 
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experiments cited in previous subsections of this report. 


Results 


Excellent stands and growth were observed during the entire season at both 
locations. Only a rare plant showed curly top symptoms. Otherwise, there was 
no observable adverse effect of diseases or insects on these field trials. 

Root yield of fodder beets exceeded that of the sugarbeets as had been ob- 
served in other fodder beet yield trials (Tables 11 and 12). Fodder beet 

root yields ranged from 67.85 to 118.68 metric tons per acre (30 to 53 T/A) at 
Aberdeen. The sugarbeet varieties were significantly higher in sucrose per= 
centage and were slightly lower in reducing sugar percentage, as also observed 
in other fodder beet field trials. The high sugar check LHS-1 was significantly 
higher than GWD2 for sucrose percentage at Aberdeen. 


Eleven fodder beet varieties exceeded the total sugar yield of the sugarbeet 
checks by 1 to 14 percent at Logan. At Aberdeen, 15 fodder beet varieties had 
sugar yields greater than GWD2. Only two hybrids at Aberdeen, TC5/45-9, Krake, 
and one variety at Logan, Trestel, were significantly higher in total sugar 
yield than the commercial sugarbeet check. Potential alcohol yield at Logan 
ranged from 480 to 780 gallons per acre. The potential alcohol calculated for 
the Aberdeen location was 528 to 1,002 gallons per acre. 


It was noted that the fodder beet varieties that gave the highest sugar yield, 
such as Trestel, Lamono, Monovert, Hugin, Monorosa, Prototype 2n Rose, ete: 
were sugarbeet X fodder beet hybrids. Fodder beet varieties that did not have: 
an integression of sugarbeet germplasm were usually among the highest in root 
yield, and among the lowest in sucrose percentage. 


Varieties such as Yellow Eckendorfer, Mammoth Red, Peramono, Poly Blanche, and 
Ursus, that have low sucrose percentage (6 to 8 percent) regardless of root 


weight, produced less total sugar than sugarbeet. Significant differences 
were observed between locations and for genotype X fodder beet interactions. 


Conclusions 
1. Fodder beets produce Significantly higher root yield than sugarbeets. 
2. Sugarbeets are Significantly better in sucrose percentage. 


3. Reducing sugar percentages are less than 1 percent and, therefore, con- 


tribute relatively little to the total sugar yield and potential alcohol 
production. 


4. Disease resistant adapted sugarbeet X fodder beet hybrids offer the 
greatest potential for a "fuel beet.” 
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Table 11. Root, top, sugar, and potential alcohol yield of miscellaneous Euro- 
pean fodder beet varieties, Logan, Utah, 1980. 


Potential 

Root Top Reducing Sugar Alcohol 

Weight Weight Sucrose Sugar Yield Yield, , 

Variet t/ha t/ha i: 4 t/ha Gal/A = 
GWD2 65. as 47.49 16.35 Og 17 10.74 684 
LHS-1 ie ol, SA tte 1d sat 0.18 9.97 635 
Trestel SO, 72 50.88 138567 Oe 15 T2524 780 
Lamono 106.55 387333 114238 O37 29590 758 
Monovert 90.54 40.58 12.89 0.26 La 66 743 
Hugin 89.04 49.13 13 Ay 22 le 0.3 741 
Proto 2n Rose 92.91 38.24 12.88 O23 11.49 $32 
TC5/45-9 1012 L7 46.06 Lise; i) 25 12.44. 120 
762018 90.09 48.59 12.68 0,19 41.39 726 
TC198 LOG. Ly 41.61 iiyee Oe 27 ale Ad 
Ps 57 91.87 44.64 ED? 0.29 Beto 709 
Proto 3n Rose Oz. del tt Sada 3 Ad) Os 22 11:09 707 
Kimono 92.19 35.04 Lies 0% 25 10.78 687 
Barb 79-2 97.40 a nied 10.91 OF 21 LO..62 677 
TC201 Beets by Deal St 12.220 Os 23, TOO 670 
Monorosa 80.50 uta 13.07 0.19 10051 670 
Vital Daehnfeldt 85.77 37.94 12325 Oc 2 10.49 668 
Majoral 105.41 46.68 9.95 0; 36 10.49 668 
Solar 96.35 35681 10.92 0, 25. 10.47 667 
Peroba 100.50 33.89 10; 38 0534 LOLAL 663 
Proto 3n Blanche oe Jol 38.83 13tad 0,13 £0. 32 658 
Krake 78.45 A526 Lee 0.24 10525 655 
Giant Half Sugar 118.68 21 sion 8.66 0.28 Owes 651 
Monoval 99.16 40.76 10.35 0.41 10:17 648 
TC5014 99.41 51 ee 10ci2 O03 24. 10.07 641 
TC1148 TOO 6 Jal 46.38 Sear 0,35 9.71 619 
TC5001 86.72 45 dod. Ling Os 27 ooos 607 
Monobomba 84.48 40.92 Lise 0.29 9.50 605 
TC1163 101.67 BT tee. 9.15 0.32 9.24 589 
Beta Monogerm 67.85 Boa Loy 0.20 Oe2t 587 
Barb 78-1 O12 37.84 9.96 0.29 9.10 580 
Blanca 91.44 39.36 9.98 O27 9.02 Aho. 
Ursus TO). 65 35,08 8.89 0.34 8.98 5e2 
Poly Blanche LS. La 38.42 fae 0.62 8.93 569 
Rose Beta DD Ou 48.64 Ded Use 8.67 5 Sz 
Peramono 102.09 Zicke Biee 0.33 8.38 634 
Mammoth Red 112.61 Ds eee 7.60 0.56 8.38 534 
Babl. Yellow Cyl. T4573 44.48 £0720 0.18 Fra Ve 488 
Yellow Eckendorf. 115.72 186868 6.60 0.87 fae 480 
Mean 92.67 41.25 11.19 0.29 Oe CO 644 
Lope. 05 132.04 8.87 he OL? ba 91 

CIN. 10.05 15.30 6.48 2h AS LOS del 


Uy, convert to liters/hectare, multiply by 9.35. Perera 
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Table 12. Root, top, sugar, and potential alcohol yield of miscellaneous Euro- 
pean fodder beet varieties, Aberdeen, Idaho, 1980. 











Potential | 
Root Top Reducing Sugar Alcohol 
Weight Weight Sucrose Sugar Yield Yield), 
Variety ta ee tad i ie t/ha Gal/A = 
GWD2 7945 84.70 16.56 0.19 13.11 835 
LHS-1 67.26 Daa ee 18.80 UML os 12.64 805 
TC5/45-9 LSee 7G rw ss) Lie 0.24 Louth 1002 
Krake 106.94 BO cares 14 3S eee Loe 972 
Monorosa 109.78 93.44 P31 LPs 14.44 920 
Proto 3n Blanche Lon oO 66.40 aU 0.16 in.25 908 
Proto 2n Rose 111.80 59,7 Bieri ke ee 14.18 904 
Hugin 116.62 84.98 TD eg. vs tp Ved 903 
Monoval 129.80 60.76 Bei? re TAS LO 898 
Monobomba 124.29 78074 1 Ba ey» os 14.10 898 
Barb 78-1 141.98 83.89 992 0.28 13.98 891 
Barb 79-2 131.80 Sous £0205 0.20 13.96 890 
TC201 L227 OK 84.64 ae OO. 25 13.48 859 
Peroba 126.69 STAD 10.33 0.19 13460 854 
TC2018 For 56.68 L360 On7 uS). 34 850 
Trestel 100.43 65.82 a2220 0.18 13. oo 850 
TC5001 L2a725 76.89 10.70 0.23 13520 841 
TCSOL4 Eig ee2 69.05 i. OF 0.20 roi? 836 
Kimono 109.42 56.16 12.00 0.20 13282 836 
TC1148 E35e19 64.41 9.83 ers 13.08 833 
TOURS] 108.90 62.80 2.03 0225 13.05 832 
Proto 3n Rose 105.37 65.38 een? Om ak 13502 830 
Monovert 109.98 62.68 Via ee Ea 825 
Vital Daehnfeldt 103765 58.76 tO OF Re) 12.93 824 
TC198 110.67 alk 11.49 Oe ee 810 
Ursus 152345 76.16 8.07 0.30 dao 784 
TC1163 L369 o7 60.09 8.76 aad: iego 760 
Majoral LS 16.50 9.00 0.29 Ase 748 
Solar 119.59 62.02 9.74 0.24 Leo. 740 
Blanca 114.02 69.41 9.95 nek Lo Tae 
Peramono 143% Se 59.60 dO eed Pe 709 
Giant Half Sugar LS Ret Oee vee ae Le 0.34 LOss5 685 
Poly Blanche 146.36 Bore 1 e395 0.62 LOe a2 670 
Rose Beta 113% 96 Tou oea.) eos 10.41 663 
Beta Monogerm 82.16 57.06 LLs59 ine a 9.83 626 
Bab. Yellow Cyl. 100.17 Tian 9.80 0.19 OaKS 620 
Mammoth Red Loy. OF Foee too? 0.34 ale 619 
Yellow Eckendorf. 130.61 S475 G20 Des 8.28 528 
Mean LTZe5S9 67520 LL. 07 0.25 12563 805 
LSDs: 05 6.62 17.74 1.88 0.10 2.06 L3E 
Cras Po7e 16.37 10.10 25029 10.01 10.01 
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Un, convert to liters/hectare, multiply by 9.35. 
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D. FUEL BEET BREEDING 


Sugarbeet breeders have long been frustrated by a negative correlation between 
sucrose content and root yield. Selection for high sucrose content has gener- 
ally led to reduced yields,or selection for high root yield has generally re- 
sulted in a reduced sucrose content. This negative correlation is not complete, 
i.e., it is generally between -0.50 and -0.80, and has allowed the plant breed- 
er to improve yield while maintaining a relative high sucrose content. How- 
ever, this negative correlation has significantly slowed or restricted the 
potential sugarbeet improvement that could have occurred if these two charact- 
ers were independent. 


In the development of new sugarbeet varieties, it is essential that a high su- 
crose concentration be maintained, as illustrated in Figure l. 
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Figure 1. The theoretical refined sugar yield 
from a hypothetical sugarbeet and 
fodder beet. 


Using a hypothetical situation of a 20-ton-per~acre sugarbeet with a 16 percent 
sucrose vs. a 30-ton-per-acre fodder beet with a 12 percent sucrose content, 
the low sucrose content fodder beet will produce about 800 more pounds of su- 
crose per acre than the sugarbeet. However, the sugar extraction rate of the 
low sucrose content fodder beet will be lower than the sugarbeet because of the 
lower sucrose content and other elements associated with low sucrose content 
(high nitrogen, sodium, and potassium). Using a hypothetical extraction rate 
of 80 and 90 percent for the fodder beet and sugarbeet respectively, the fodder 
beet will produce the same amount of refined sucrose as the sugarbeet even 
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though it produced 800 more pounds of total sugar. 


If the same beets were used for alcohol fuel production, a different result is 
obtained (Figure 2). 


TOT Ak FERMEN- ALCOHOL | 
SUGAR TATION ({- | 





12%S 


16%S 


Figure 2. Theoretical alcohol yield from a 
hypothetical sugarbeet and fodder 
beet. 


Fermentation is just as efficient in the low sucrose content fodder beet as the 
high sucrose sugarbeet. In fact, the high nitrogen, sodium, and potassium con- 
tent associated with low sucrose content is beneficial for fermentation rather 
than harmful as in sucrose crystallization. The result is a potential of 60 
more gallons of alcohol per acre with the fodder beet. 


This suggests that maintaining a high sucrose content is unnecessary in breed- 
ing for a fuel beet. The negative correlation between root yield and sucrose 
content is less important, and to a degree, can be ignored. We, therefore, 
anticipate more rapid progress can be achieved in a fuel beet breeding program 
than has been experienced in our past sugarbeet breeding programs. The plant 
breeder can concentrate on total fermentable Sugar production rather than being 


restricted with the necessity of maintaining high sucrose and low nitrogen, 
sodium, and potassium content. 


Over the past few years, we have developed a number of broadbased "Beta" 
populations. One such population is £356, which contains germplasm from many 
different "Beta" types (sugar, mangle, fodder, red, and leafy). Several 
selections were made in this population for root and sugar types. These 
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selections were tested in a replicated field trial in 1980 (Table 13) along 
with the £356 broadbase parent and two commercial sugarbeet hybrids (GWD2 and 
AH10). 


The round selection (h535) had a lower root yield than the parent, whereas the 
long hypocotyl selection (g226) exhibited a significantly reduced sucrose con- 
tent. Reducing sugars were higher in the parent and one selection than the 
Sugarbeet hybrids; however, the differences were too small to significantly 
affect the total sugar production. Quality factors were significantly higher 
in the broadbase populations and selections than in the sugarbeet hybrids. The 
high sugar selections (h536 and h537) had significantly higher sugars and about 
the same root yields as the parent. However, the best one (h536) yielded equal 
to but not more total sugar than GWD2. The most interesting and most promising 
selection was the high yield selection (g241). This was made for high root 
yield, ignoring sugar content. Its sugar content was about the same as the 
parent, but its root yield significantly exceeded the parent (about 9 tons per 
acre). It significantly exceeded the best sugarbeet hybrid (GWD2) in total 
fermentable sugar production by about 13 percent. It would be rejected as a 
good sugarbeet selection because of its low sucrose content and high sodium and 
potassium content; however, it would make an excellent fuel beet selection. 
This apparent 13 percent increase in total fermentable sugar production was 
achieved in one cycle of mass selection. It has the potential of producing 

65 more gallons of alcohol per acre than the GWD2 sugarbeet hybrid. 


The cost of producing the high yield selection would be more because of the 
increase in handling and hauling the increased tonnage. In order to evaluate 
‘this effect, the cost of each feedstock was determined by setting a base price 
of $600 to produce a 20-ton-per-acre crop plus an additional $2 per ton hauling 
cost for the additional yield over 20 tons per acre. This reduces some of the 
advantage of the high yield-low sugar selection; however, it still renders the 
feedstock cost about 9 cents per gallon less than the sugarbeet hybrid GWD2. 
Based on these results, it appears that significant progress can be achieved 

in breeding for a fuel beet. 
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E. EVALUATIONS FOR DISEASE RESISTANCE OF FODDER BEETS 


De. Mumtord 


Sixty-nine fodder beet varieties from Europe were planted in two replications 
in the national USDA curly top disease nursery at Logan. They were evaluated 
for Bheiy curly top resistance based on standard techniques outlined by 
Mumford.— Three check varieties were included in the nursery: AH10, a highly 
resistant commercial hybrid; GWD2, a moderately resistant commercial hybrid; 
and C1.36, a highly resistant experimental variety. Ratings were made on a 
Scale of 0 to 9 (9 = dead plant). All of the fodder beets were extremely 
susceptible to this disease (Table 14). The variety Trestel (a sugarbeet X 
fodder beet hybrid) was the only one with a score below 5. 


1/ 


— Mumford, D. L. 1974. Procedure for inducing curly top epidemics in field 
plots. Jr. Amer. Soc. Sugar Beet Technol. (18)10:20-23. 
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HECKER, R. J. and E. G. RUPPEL. 1980. Rhizoctonia root rot of sugarbeet 


as affected by rate and nitrogen fertilizer carrier. J. Amer. Soc. Sugar 
Beet Technol. 20:571-577. 


Four sugarbeet (Beta vulgaris L.) field experiments were conducted to 
measure effects of nitrogen (N) fertility and plant density on intensity 
of root rot caused by Rhizoctonta solant Kthn. Different N quantities, 
times of application, and forms were tested for effect on rhizoctonia root 
rot in simulated commercial growing conditions and in our standard late 
planted, inoculated nursery. These N variables had no consistent effect on 
intensity of root rot. Also, plant density was not a factor in disease 
intensity. There appears to be no evidence that excess N has any consist- 
ently beneficial effect on reduction or control of rhizoctonia root rot. 
Thus, these experiments indicated that sugarbeet producers in Rhtzoctonta 
problem areas should use N fertility levels which optimize sucrose 
production. 


HECKER, R. J. and E. G. RUPPEL. 1980. Release of sugarbeet germplasm 
FC 702/6. 


FC 702/6 is a diploid, multigerm, self sterile line bred for resistance 
to root rotting strains of Rhtzoctonta solant: It is a product of four 
cycles of mass selection and one cycle of recurrent selection from FC 702. 
Under severe Rhizoctonia exposure for 2 years, FC 702/6 had 75% harvestable 
roots, 42% symptomless roots, and a disease index of 2.4, compared to 54Z, 
207, "and “3.2 for FC 703, and 1%, 0%, and 6.3 for FC 901 (susceptible check), 
respectively. FC 702/6 has good general combining ability for root yield, 
sucrose content, and purity, and was released for potential use as a 
pollinator, or source of pollinators, in the development of Rhizoctonia- 
resistant hybrid varieties. 


LASA, J. M., R. J. HECKER and B. MEDINA. 1979. Contamination and ploidy 
degradation in sugar-beet (Beta vulgaris L.). Ann. Aula Dei. 


A study of the effect on ploidy level in three tetraploid (4X) popu- 
lations contaminated by pollen from their source diploids (2X) revealed 
that after one generation of 2X x 4X interpollination progeny from 4X 
parent plants were 2.2% 4X, 96.7% 3X, and 1.12 2X. Using random seed 
from 4X parents to produce plants which were again interpollinated with 2X 
plants, the progeny were 0.3% 4X, 21% 3X, 17.8% 2X, and 60.9% aneuploid. 
The succeeding generation was 0% 4X, 0.6% 3X, 87.5% 2X, and 11.9% aneuploid. 


The rate of diploidization was similarly rapid in each of the three popula- 
tions. The hazards of having non-4X plants in 4X seed increases is apparent. 


MARTIN, S. S., R. J. HECKER and G. A. SMITH. 1980. Aluminum clarification 
of sugarbeet brei. extracts. J. Amer. Soc. Sugar Beet Technol. 20:597-609. 


Aluminum chloride was compared to lead subacetate as a sugarbeet ex- 
tract clarificant. Samples analyzed ranged from half fodder beets to 
high-sucrose sugarbeets. Concentrations of both sodium and potassium were 
nearly identical in the two extract types. Amino N concentration in 
aluminum-clarified extracts was greater than, but highly correlated with, 
comparable data in lead-clarified extracts. Betaine was largely destroyed 
by aluminum clarification. Polarimetrically determined sucrose concentra- 
tion means in the two extract types differed statistically only for the 
half fodder beet. For any sugarbeet genotype likely to be encountered in 
commercial practice, aluminum clarified filtrates are satisfactory for 
determination of sucrose and several common impurity components. 


RUPPEL, E. G., A. D. JENKINS. and L.M., BURTCH. .1980. Persistence of 


benomyl-tolerint strains of Cercospora beticola_in the absence of benomyl. 
Phytopathology 70:25-26. 


In 1976 and 1977, 98-100% of Cerecospora bettcola isolates obtained 
from diseased sugarbeets near Willcox, AZ, growing in benomyl-, triphenyltin- 
treated, or nonsprayed fields grew in PDA containing 5 ug a.i. benomyl per 
milliliter. Benomyl-sensitive isolates from Colorado were inhibited com- 
pletely by 0.1 ug benomyl per milliliter. In 1978, 100% of the isolates 
from a triphenyltin-sprayed field also were tolerant to 100 ug benomyl per 
milliliter. The level of tolerance declined considerably between 1976 and 
1977. In 1976, all isolates from benomyl-sprayed and nonsprayed fields 
grew in PDA containing 1,000 ug benomyl per milliliter, whereas only 71% of 
the isolates from the triphenyltin-sprayed field grew at that concentration. 
In 1977, only 1, 1, and 0% of the isolates from benomyl-sprayed, nonsprayed, 
and triphenyltin-sprayed fields, respectively, grew in PDA with 1,000 ug 
benomyl per milliliter. All of the isolates from 1978 grew in PDA cultures 
containing benomyl at 10 ug/ml, but none grew in those containing 100 or 
1,000 ug/ml. Most Arizona isolates of C. beticola, whether from sprayed or 
nonsprayed fields, were 100-1,000 times more tolerant to benomyl in vitro 
than were sensitive control isolates from Colorado over the 3-yr study. Thus, 
benomyl-tolerant strains of C. betitcola showed a high degree of persistence 
in the absence of benomyl, even in fields where triphenyltin was used for 
leaf spot control. 


Papers Which Have Been Published Since Being Abstracted 
in Previous Sugarbeet Research Reports 


SMITH, G. A. Sugarbeet. Chapter 43 in Fehr, W. R. and H. H. Hadley (Ed.), 
Hybridization of Crop Plants. Am. Soc. Agron. Press, Madison. 1980. 


SMITH, G. A. Registration of FC 607 and FC 607 CMS Sugarbeet Germplasm. 
(Reg. Nos. GP 60 and GP 61). Cpateyey teste, PORK, IMS) ExOY 


RHIZOCTONIA ROOT ROT RESEARCH AND RESISTANCE BREEDING 
(BSDF Project 20) 


1980 Rhizoctonia Field Research.--R. J. Hecker and E. G. Ruppel 


Our 1980 field research on root rot of sugarbeet caused by Rhtzoctonta 
solami was conducted on our BSDF-leased farm, where our cercospora leaf spot 
field research was also conducted. 


The rhizoctonia root rot research was on an area of the farm reserved 
for that purpose, where the experiments are grown in a 4-year rotation (beets, 
barley, barley, fallow). Three 1980 experiments were located on part of the 
1979 rhizoctonia field in order to have an area with a high residual rhizoc- 
tonia infestation. The three experiments on this residual inoculum area had 
received a preplant broadcast incorporated application of 50 pounds per acre 
of our standard barley grain inoculum. These experiments were planted May 5 
and thinned June 5. These three experiments testing the effect of pesticides 
on rhizoctonia root rot, and biological control of Rhizoctonia are described 
in succeeding sections of this report. 


The major Rhizoctonia test area in 1980 involving ten experiments was 
planted on an area with no residual rhizoctonia infestation, having been used 
last as a rhizoctonia root rot test area in 1976. There was no apparent 
Rhizoctonia infection in this portion of the 1980 nursery prior to inocula- 
tion. This area of ten experiments was inoculated July 22 in our standard 
manner. Dry, ground barley grain inoculum of Rf. solant was broadcast in a 
band over each row with a tractor-mounted 4-row granule applicator. The 
inoculum was applied at a rate of 1.3 grams per meter of row in a split appli- 
cation (opposite directions of travel for each application). Single-row 
plots, 6.1 meters (20 ft) long, and 56 cm (22 in) apart were planted May 14 
and thinned about mid-June. 


The roots in all experiments were lifted and individually rated for 
severity of rot September 15-19. Disease index (DI) ratings were based on a 
scale of 0 to 7 (0 = no evidence of rot; 7 = plant dead and extensively de- 
composed). The percentage of healthy roots were those with index ratings of 
0 and 1, those roots having no or only small arrested lesions. The percentage 
of harvestable roots were those with DI ratings of 0 through 3; these were 
all roots sufficiently sound that would have been recovered in a commercial 
harvest. The epiphytotic in our 1980 nursery could be considered to be 
about ideal, with highly susceptible entries being killed due to Rhizoctonta 
by harvest time. 


The succeeding reports in this section describe individual experiments 
in our 1980 rhizoctonia root rot research. 


Evaluation of Contributed Lines.--E. G. Ruppel and R. J. Hecker 


Separate randomized complete block designs with five replications were 
used. to evaluate a total of 51 lines from American Crystal, Great Western, 
and Holly sugar companies, and from Hilleshog, Ltd. for resistance to Rhizoc- 
tonta solant in the field. In each test, Rhizoctonia resistant lines FC 703 
and highly susceptible FC 901 were included for comparisons. Results of 


each company's test were statistically analyzed and sent to company breeders; 
thus, they will not be reproduced here. The mean disease index (DI) acrass 
tests for FC 703 on a scale of 0 to 7 was 2.9; whereas, for FC 901 the mean DI 
was 5.9. The range in DI means for all company lines was 2.7 to 6.8. The 
mean % healthy roots (0 + 1 DI's) for FC 703 and FC 901 across tests were 

33.5 and 0.8%, respectively; the mean for all company lines was 4.8%. The Z% 
harvestable roots (DI's 0 through 3) for FC 703 and FC 901 were 66.4 and Aves 
respectively; the mean for company entires was 16.2%. 


Breeding Program to Increase Resistance to Rhizoctonia Root Rot.--R. J. Hecker 
and E. G. Ruppel. 


Reports of losses in the sugarbeet crop due to Rhizoctonia root rot have 
been received in 1980 from several of the major sugarbeet production regions 
of the United States. Although the intensity of the disease varies from year 
to year and region to region, there is a significant loss of sugarbeet pro- 
duction due to this ubiquitous root-rotting soil-borne fungus. Due to the 
low predictability of the intensity of the root rot problem from year to year, 
growers are understandably reluctant to accept varieties which sacrifice some 
yield in the absence of disease. 


Our breeding program for resistance is designed to generate resistant 
germplasm potentially useful in the development of highly productive hybrid 
varieties. Both multigerm and monogerm germplasms are being developed and 
released. We are hopeful that they will find direct use as parents in 
successful hybrid varieties. 


In 1980, FC 702/6 was released from our program. This resistant multi- 
germ line was derived from FC 702. Under severe rhizoctonia exposure for 2 
years, FC 702/6 had an average of 75% harvestable roots, 42% healthy roots, 
and a disease index of 2.4, compared with 54%, 20% and 3.2 for FC 703 (re- 
sistant check), and 1%, 0% and 6.3 for FC 901 (susceptible check), respective- 
ly. In limited tests it appears to have relatively good general combining 
ability for root yield, sucrose content, and juice purity. We are hopeful 
that FC 702/6 will find use as a pollinator or as a resistant source from 
which breeders might extract high combining pollinators. 


The currently most attractive multigerm breeding lines are listed in 
Table 1. In this table are shown several lines which have potential as 
future releases, as well as a number of lines which have been released in 
the past. 


Table 1. Assessment of intensity of rhizoctonia root rot on multigerm lines 
being developed for resistance and other lines, as measured by 
disease index (DI), % healthy roots, and % harvestable roots. 


Entry h ts 
No. Breeding line DI Healthy Harvestable 

I ee 
382 FC 705/2 2.6 25 #1. 
388 FO#®707/2 Zot 26 74 
.358 FC 705/1 208 26 74 
389 FC 707/1 239 ie? 69 
334 FC 705 330 15 67 
381 FC 703/2 Sek 28 61 
383 FC 702/6 Sé1 24 62 
397 FC (703/1 aie 22 58 
409 FC 701/5 ae Li? af 
362 Syn 2 from misc. RH sources aye 8 62 
354 FC 702/7 ae2 23 61 
Sz1 EG. 707 3.4 8 54 
396 FC, 703/4 oT4 15 AZ 
402 FC 701/4 SOF 17 46 
399 FCSiO2/ 5 Say, 14 46 
398 FC 702/1 338 10 40 
372 2 cy mass from EL 42 338 11 44 
401 FC 701/3 ee 12 52 
336 FC 704 4.4 9 39 
a3 FC 702/4 (4x) 4.4 4 32 
413 FC 702/4 4.4 4 26 
411 EC At O2 4.5 5 25 
412 FC 702/2 405 7 23 
373 Ele eZ 4.6 5 23 
410 FO.701 4.8 2 21 
326 FC 703; resistant check 3a 4 37 
a7 FC 901; susceptible check Gaz 0 A 

LSD (.05) 02.67 Jb LOSS 


Several of the lines from our program of monogerm incorporation are 
shown in Table 2. All of our resistant materials have originated from multi- 
germ sources. We have incorporated the monogerm character from various mono- 
germ parents, all of which have been susceptible to rhizoctonia root rot. 

The recovery of resistance by selection in segregating generations and 
back-crosses has been difficult. Thus far, FC 708 and FC 708 CMS are the 
only monogerm, type 0, male sterile rhizoctonia resistant releases we have 
made. 


Got 


Table 2. Assessment of rhizoctonia root rot on monogerm or segregating 
lines, and commercial type materials. 


Entry h % Harvest- 
No. Breeding line DI Healthy able 





Monogerm or segregating 


a5 OP from 24 S;"s of (FC 701 X mm, TO's)BC,P» Zed 38 92 
3k Com. of super. S2's ae 4 42 85 
330 Sy from (FC 701 X mm TO's) 2.4 41 79 
376 OP? frome LS cupers oid 2.4 41 80 
360 Syn 2 from (FC 702 X mm TO's) Zines 20: 72 
380 FC 708 CMS aM Zi 67 
361 Syn 2 from SP 5831-0 2.9 25 69 
359 Syn 2 from (FC 701 X mm TO's) aud Li? 64 
Bo Syn from SP 5831-0 3.4 14 53 
bc FC 708 CMS xyFC 705 aunt Be Sf 
370 FC 708 ee im 60 
387 Syn. 1sfrom (mm TO.X FC 701)B ,P]OP, Sy 12) 45 
369 Rh resist. mm, seg TO 4.3 9 38 
365 Polish= 24 24/723 %@ Rh rectatiu ok 5.4 1 6 
364 2d cy RH resist. sel. from USSR mm T 5.8 0 rh 

Commercial type materials 
aoe EL 44 CMS X FC 708 a.9 3 20 
385 Ha 2 4.9 2 16 
338 EL 43 4.9 4 ae 
535 1861 CMS X FC 708 a0 1 12 
368 FC 607 CMS 355, 1 6 
386 HH 33 Da © 9 
367 FC 607 5.8 0 8 
339 EL 44 Ooo) 0 1 
340 563 6.6 0 0 
326 FC 703; resistant check So 4 37 
S27 FC 901; susceptible check Gin 0 1 

LSD 0.67 9.6 LUes 


Our most resistant germplasms have resulted from inbreeding in hybrid 
generations segregating for the monogerm character. In Table 2, the top 
four breeding lines for resistance have resulted from recombination of Sz and 
S?2 lines identified as being superior for rhizoctonia root rot resistance. 
However, these best lines are not immune to root rot. The percentage of 
healthy roots (essentially symptomless) amounted to about 40% of the total 
population. However, 80-90% were classed as harvestable. Hence, there 
remains a need for further improvement in our breeding materials. 


A new technique of exposure of the plants to the pathogen in both the 
root development and seed production stage has been carried on for two gen- 
erations. However, only the first generation was under test in 1980. These 
results are described in a subsequent section of this Project 20 report. 


The commercial-type materials listed in Table 2 primarily are lines 
which have not been tested previously, and are part of our continued search 
for indigenous high levels of resistance. 


A considerable number of other germplasms were in this same test but 
are not included in the tables because they were not of significant interest. 


Each succeeding year of results and observations from our testing, 
selection, and breeding programs reinforces our hypothesis that resistance 
to root rotting strains of Rk. solant is controlled by a number of genes in 
sugarbeet. In our resistant lines, we appear to have accumulated a number 
of these genes. This accumulated resistance appears to be horizontal, 
because practical important interactions to different R. solant strains have 
yet to be observed or reported. 


Studies involving our resistant Ft. Collins germplasms as part of the 
assessment program of our resistant breeding lines continues to produce new 
experimental hybrids each year. The productivity of these hybrids under 
disease-free conditions is reported in a subsequent section of this report. 


Yield Test of Best Rhizoctonia Resistant Experimental Hybrids.--R. J. Hecker 
gna GevA. Smith 


Part of our program of breeding and development of rhizoctonia resistant 
germplasms includes a preliminary assessment of general combining ability. 
Each of the new resistant developments are crossed with a set of cytoplasmic 
male sterile (CMS) monogerm lines. These experimental hybrids are then 
assessed in a preliminary combining ability test. In evaluating these hy- 
brids we detect a few hybrids which display relatively good specific combin- 
ing ability for sucrose production. We then include these better hybrids 
for further testing in succeeding years. The disease-free yields of these 
better hybrids tested in 1980 are summarized in Table 1. Those few hybrids 
which show the greatest promise are reentered into the test for one or two 
additional years. Hence, four of the hybrids in Table 1 include results of 
their tests in 1979 and 1978. 


All the data shown in Table 1 were from disease-free experiments at the 
CSU Agronomy Research Center planted April 15-27. They were grown in ran- 
domized complete block designs with 5-row plots, 25 feet long, with rows 2, 
3, and 4 being harvested. The results in Table 1 indicate that some of the 
rhizoctonia resistant pollinators have relatively good specific combining 
ability, especially since the resistant pollinators have been developed 
essentially for resistance with little regard for combining ability. These 
experimental hybrids in Table 1 were generally not significantly different 
from the check (Mono Hy D2) for recoverable sucrose or the sucrose yield com- 
ponents. They were for the most part higher in sucrose content and thin 
juice purity than the check, but were generally lower than the check for 
root yield so that the recoverable sucrose was usually not significantly 
different than the check. These same experimental hybrids were included 
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in the rhizoctonia root rot test either in 1979 or 1980 and the resulting 
disease indices are also shown in Table 1. All but two of the experimental 
hybrids are significantly more resistant than the yield check. However, 

all are significantly more susceptible than the resistant check, FC-703. 
These disease indices indicate a more-or-less mid-parental value for hybrids 
between susceptible and resistant germplasms. 


Some of these experimental hybrids might be directly useful in areas 
where rhizoctonia root rot is a chronic problem. Also, better hybrid com- 
binations of these pollinators with other male steriles might be found. If 
any of the specific experimental hybrids shown in Table 1 are of interest 
to any of our BSDF cooperators, we do have a limited quantity of hybrid seed 
which could be distributed for 1981 field testing in'’their localities. The 
majority of the pollinators used in these hybrids have been released to BSDF 
cooperators. The other pollinators will be soon released, or could be 
released on request. 


Preliminary General and Specific Combining Ability Test for Sucrose Yield 


of Rhizoctonia Resistant Experimental Hybrids.-- R. J. Hecker and G. A. Smith. 


In this 1980 preliminary combining ability test of rhizoctonia resis- 
tant pollinators, we crossed a set of nine susceptible monogerm male sterile 
females with seven resistant pollinators. The resulting hybrids were grown 
in a disease-free test at the CSU Agronomy Research Center using single-row 
plots in a triple lattice design with six replications. 


The performance of the best individual hybrids is shown in Table l. 
These 20 hybrids were all higher in recoverable sucrose than the check 
(Mono Hy D2), although not significantly. These are individual hybrids 
which had relatively good specific combining ability. These better hybrids 
appear to have relatively good production considering the relatively strong 
selection and breeding emphasis for rhizoctonia resistance. Further infor- 
mation on the parents involved in these hybrids, and also limited quantities 
of seed are available to those who might be interested in testing them in 
rhizoctonia problem areas. The CV's in this test were 12.8, 11.3, By) si ale 
1.4 for recoverable sucrose, root yield, sucrose percent, and thin juice 
purity percent, respectively. 
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A preliminary general combining ability assessment of the seven re- 
sistant pollinators in this test is made in Table 2. The means of these 
seven sets of hybrids with common pollinators is not a broad assessment of 
general combining ability, but the nine CMS females involved do have a 
certain amount of genetic diversity. We feel this array of means provides 
some indication of general combining ability of these seven pollinator lines. 
FC 702/7 and FC 703/4 would appear to have some potential as pollinators. 
FC 705 produces hybrids generally with high root yield but somewhat lower 
sucrose and purity. All three of these lines have quite good resistance to 
rhizoctonia root rot with DI's of 3.2, 3.4, and 3.0, respectively, compared 
to our standard resistant check, FC 703, at 3.9. 


The rhizoctonia resistance of the most productive hybrids in this test 
will be tested for rhizoctonia resistance in 1981. Past experiments in- 
dicate that the rhizoctonia resistant pollinators should impart sufficient 
resistance when hybridized with susceptible females so that resulting hy- 
brids, if shown to be sufficiently productive, should be potentially useful 
in rhizoctonia root-rot problem areas. 


Table 2. Means for recoverable sucrose and its components of sets of hybrids 
in which the respective Rhizoctonia resistant lines were pollin- 
ators (disease-free test), and disease indices (DI) of the 
pollinators in a Rhizoctonia inoculated test. 

eer 0 

Recov. Root ead 


; ; iel Sucrose Ure 
Resistant pollinator ee yield eo P y 


DI (T/A) (T/A) he is 
ee ee eee Se ee A 
FC 702/7 392 Zar 268 14.2 86.4 
FC 703/4 350 2.68 20h 14.3 86.6 
FC 705 a20 2359 26, 9 L368 35.3 
Syn GH Rh sel from FC 703 Dal 226 24.4 14.4 Bia 
FC 702/4 (4x) 4.4 ise 25.6 14.0 85.8 
Syn from SP 5831-0 34 2.50 2/46 eyez 84.9 
Syn from (FC 701 X mm LSR-CTR) 238 2.40 2G 15 =0 8756 


——————eeeeee—eeeeeeee eee eee 


In order to obtain further information about the relative dominance of 
Rhizoctonia resistance, we had an inoculated field experiment in 1980 involv- 
ing the most productive experimental hybrids from the 1979 preliminary com- 
bining test, along with their susceptible CMS female and pollinator parents. 
In this experiment, we used single-row 6.1 m (20-foot) plots with four 
replications in a randomized complete block design. All other methods were 
described in the first part of this section on Rhtzoctonta research. 


In examining the disease indices of the six hybrids in Table 1 from 
which mid-parental comparisons were available, the mean DI of 4.3 was only 
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slightly less than the mid-parental DI of 4.5; hence, there was very little 
dominance for resistance in this set of susceptible X resistant hybrids. The 
mean mid-parental value for percentage healthy and percentage harvestable 
roots in Table 1 does not correspond as well with the obtained hybrid per- 
formance. However, for genetic interpretation, it is best to look at the 
disease indices because these data are on an essentially continuous scale, 
whereas the percentage healthy and harvestable roots are each classed into 
two discreet categories. From the DI, we must conclude that there was little 
or no evidence of dominance for resistance. 


It appears from several experiments over several years that rhizoctonia 
resistance in the resistant breeding lines which we have developed is essen- 
tially intermediate, with only slight evidence of partial dominance for 
‘resistance. From earlier evidence of hybrids between susceptible diploids 
and resistant tetraploids, the resulting triploid hybrids with two genomes 
from the resistant parent definitely tend to have a greater level of resist- 
ance to Rhtzoctonta. It seems advisable for a breeder to make and test diploid 
hybrids, then, for those hybrids which have the productivity potential to 
become varieties, convert the resistant pollinator to the tetraploid con- 
dition in order to produce a triploid hybrid with two genomes from the 
resistant parent. 


Effect of Three Systemic Insecticides and Two Flowable Sulfurs on Disease 
Intensity of Rhizoctonia Root Rot in the Field.-—-E. G. Ruppel and R. J. 
ee ee Olid AOOT MOT Ln SEE eR Le sh 

Hecker. 


A randomized complete block design with three replications was used to 
test the effect of carbofuran ('Furadan'; 9 kg product/acre), aldicarb 
“('Temik'; 7 kg product/acre), and phorate ('Thimet'; 7 kg product/acre) on 
the incidence and severity of rhizoctonia root rot. Additionally, flowable 
sulfurs 'THAT' and 'TOP COP' at 19 liters, product/acre, were included to 
test their efficacy in controlling the disease. Test cultivars included 
resistant FC 703 and intermediately resistant commercial hybrid HH. 32,. An 
area of our field nursery heavily infested with Rhigoctonta was chosen for 
the study; plot size was the same as in the herbicide study. To increase our 
precision in evaluating the effect of systemic insecticides on root rot 
severity, a combined analysis of variance was performed on the data from our 
1979 and 1980 experiments (error variances from separate ANOV's were homo- 
geneous). As expected, significant differences were found between years and 
cultivars, and among treatments; however, there were no significant inter- 
actions between years and treatments, or treatments and cultivars. Thus, 
the treatment response in both cultivars was similar in both years. 


Figure 1 graphically shows the treatment effects across both cultivars 
in regard to disease index (DI) and % harvestable roots as compared with the 
nontreated control. The DI's for phorate (4.5) and aldicarb (4.0) were 
significantly higher than that of the control (3.4). The DI for carbofuran 
(3.8) was not significantly different from that of aldicarb or the control, 
but was significantly lower than that of phorate. In % harvestable roots, 
only phorate (37.54) was significantly lower than the control (55.9%), but 
carbofuran and aldicarb also tended to reduce harvestable roots by 6 and 8Z, 
respectively. 
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Effect of three systemic insecticides on the development of 
rhizoctonia root rot across two sugarbeet cultivars in the 
field. A) Disease index on a scale of 0 to 7, with O = no 
rot and 7 = plant dead. B) % harvestable roots derived by 
combining disease index classes 0, 1, 2, and 3. Bars 
within each graph topped with the same letter are not 
significantly different at P = 0.05 according to Duncan's 
multiple range test. 
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Figure 2 presents the DI's and % harvestable roots individually for 
each cultivar. Phorate similarly increased the DI and reduced harvestable 
roots in both cultivars, whereas the effect of aldicarb was only observed 
in HH 32. The effect of carbofuran was slightly greater in FC 703 than in 
HH 32; 


Both flowable sulfurs significantly reduced the DI's across both culti- 
vars; however, differences in % harvestable roots were not significant, 
although they ranged from 19.5 to 22.6% (Figure 3). 


The effects of both sulfurs on the DI's and % harvestable roots of the 
individual cultivars are presented in Table 1. Both compounds showed a 
greater effect on the DI's and harvestable roots of HH 32 as compared with 
FC 703. Increases in harvestable HH 32 roots were 23 and 27% for 'THAT' and 
"TOP COP', respectively, whereas the treatments increased harvestable roots 
of FC 703 only 14 and 16%, respectively. 


Table 1. Effect of two flowable sulfurs on the severity of rhizoctonia root 
rot in two sugarbeet cultivars in the field. 
eet Oh ee eee a ee 


Cultivar Treatment, Disease index=4 Vi Ae veeBables! 
Bee /.O3 THAT ee6 89 
TOP COP a7 91 
Control Dare 75 
ale! SW THAT 29 65 
TOR SGOP ZG 69 
Control Ba 4l 
ay 


— Both compounds were broadcast and incorporated at 19 liters product per 
acre 1 week before planting. 


2inimease index on a scale of 0 to 7, with 0 = no disease and 7 = plant 
dead; means of three replications. 


sy harvestable roots calculated by combining disease index classes 0 
through 3 and dividing by total roots in a plot; means of three 
replications. 


The increase in root rot severity with the use of phorate and aldicarb 
requires careful evaluation. First, we emphasize that these chemicals were 
tested in an area of uniformly high Rhizoctonia population, and in the 
absence of significant insect problems. Failure to use an appropriate 
control when economically damaging insect populations are present could 
result in greater losses from the insects than from a Rhizoctonta-insecti- 
cide interaction. Conversely, indiscriminate use of the insecticides should 
be avoided in areas where root rot is prevalent but insects are not a 
problem, 


(This study was partially supported by the Grower-G.W. Joint Research 
Committee, Inc.) 
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Figure 2. Effect of three systemic insecticides on the development of 
rhizoctonia root rot in two sugarbeet cultivars in the field. 
A) Disease index on a scale of 0 to 7, with O = no rot and 
7 = plants dead. B) % harvestable roots derived by combining 
disease index classes 0, 1, 2, and 3. (Means of six 
replications.) 
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Effect of preplant incorporated flowable sulfurs at 

50 gal/acre on the severity of rhizoctonia root rot 
across two sugarbeet cultivars. A) Disease index on a 
scale of 0 to 7, with 0 = no rot and 7 = plants dead. 
B) % harvestable roots derived by combining disease in- 
dex classes 0, 1, 2, and 3. Bars within each graph 
topped with the same letter are not significantly 
different at P = 0.05 according to Duncan's multiple 
range test. 
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Effect of Two Preplant Herbicides on Disease Intensity of Rhizoctonia Root 


Rot in the Field.--E. G. Ruppel and R. J. Hecker, 








A randomized complete block design with four replications was used in 
an area of our nursery known to be heavily infested with Rhizoetonta solant 
for a test on the effect of preplant ethofumesate (2 1b a.i./acre) and 
diclofop methyl (13 1b a.i./acrd® on rhizoctonia root rot severity in com- 
mercial cultivar Mono Hy D2. Four-row plots were 3.7 meters long with 56 cm 
between rows; only the center two rows were harvested and evaluated. 


Neither herbicide, alone or in combination, had any significant effect 
on the incidence or severity of root rot. Mean disease indices (DI) for 
ethofumesate, diclofop methyl, and the combination were 3.4, 3.8, and 3.4, 
respectively. The DI for the nontreated control was 3.8. Percentage har- 
vestable roots were 50, 44, and 50% for the herbicide treatments, respective- 
ly, whereas the control was 472. 


(This study was partially supported by the Grower-G.W. Joint Research 
Committee, Inc.) 


Effect of Antagonistic Fungi on Rhizoctonia Damping-off and Root Rot in 
Sugarbeet Field Plots.--E. G. Ruppel, R. Baker, I. Chet, G. Harmon, and 

R. J. Hecker (cooperative study with the Botany & Plant Pathology Department, 
Colorado State University). 


A randomized complete block design with four replications was used to 
test two known fungal antagonists of Rhizoctonia solant for the control of 
rhizoctonia damping-off and root rot in the field. An area of our field 
nursery known to be heavily invested with R. solant was chosen for this study. 
Four-row plots were 3.7 meters long with 56 cm between rows. Commercial cul- 
tivar Mono Hy Al was used throughout. The field was planted on May 5, and 
thinned to a spacing of 25 cm between plants on about June 5. Stand counts 
of all rows were made on May 26, June 23, July 15, and August 5. On Septem- 
ber 18, the center two rows of each plot were harvested, and the roots were 
rated for degree of rot on a scale of 0 to 7, with O = no rot and 7 = plant 
dead. An average disease index, % healthy roots, and % harvestable roots 
were calculated for each plot. Treatments included seed treatment with 
Trichoderma hamatum, seed treatment with 7. hanatwn pelleted with chitin, 
seed treatment with Laettsarta arvalts (formerly Corttctwm sp.), a preplant 
in-furrow treatment with 7. hamatuwm on clay granules, seed treatment with 
manzate fungicide, and a nontreated control. The in-furrow treatment applied 
about 10° propagules of Trichoderma per gram of soil in a 10-cm band over 
the row with incorporation to a depth of 10 cm. Seed treatments with antag- 
onists, and the preparation of Tritchoderma-infested clay granules were done 
by Abbott Laboratories, Long Grove, IL. 


Table 1 presents the results of stand counts expressed as a percentage 
of nontreated control. Analyses of stand count data indicated that differ- 
ences among treatments were only significant at the first count, before 
thinning. At this time, stands in the treatments with Trichoderma and the 
manzate treatment were not significantly different from the control. The 
stand in the Laetisaria treatment was significantly lower than that in all 
treatments except in-furrow Trichoderma. 
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Table 1. Effect of antagonistic fungi on stands of sugarbeet planted in 
soil heavily infested with Rhizoctonta solant. 


re yee 


Mean % of control stands 





Treatment 


5/26 6/23 7/15 8/5 
a IS 8/5 
Trichoderma on seed 114.6 96.8 99.5 104.7 
Trtchoderma/chitin on seed LLG 91.5 98.6 97.4 
Laetisaria on seed Lina ae 100.0 101.6 
Trichoderma in-furrow os 96.0 101.8 107.8 
‘Manzate on seed : 114.6 96.8 104.6 11254 

(F-test for treatments) ais NS NS NS 





Mature root rot severity at harvest is presented in Table 2. Only the 
manzate treatment significantly reduced the disease index as compared with 
the control, and this treatment was not Significantly different than the 
Trichoderma seed treatment or the in-furrow Trichoderma treatment. 


Table 2. Effect of antagonistic fungi on mature root rot of sugarbeet grown 
in soil heavily infested with Rhizoctonia solani. 


eee Ee ee ee ee Se. 
Treatment Dil ho healthy? % harvestable? 


: 


Trichoderma on seed 3,0°ab 46.3 iE 
Tritchoderma/chitin on seed 32378 ais 52.9 
Laettsarta on seed 3.8 a B55 48.6 
Trichoderma in-furrow 276. AD 5507 65.6 
Manzate on seed 2eleb Che/ alee, 
Nontreated control iS eieeere! 39.9 NOS 7) 
F-test * NS NS 
La ety) 20.8 L657 5.3 











*H.1. (Disease index) based on a scale of 0 to Peewee 0 ==ne rot “and 
7 plants dead. 


a classes 0 and 1 (small, arrested, scurfy lesions) were combined 
to calculate percentage healthy beets. 


I 


3D.I. classes 0 through 3 were combined to calculate percentage harvestable 
beets; beets in these classes would be included in factory processing 
operations. 
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CERCOSPORA/CURLY TOP RESISTANCE BREEDING AND RELATED RESEARCH 


(BSDF Project 25) 


Breeding for Resistance to Cercospora and Curly Top Virus. 1980.--G. A, 
Smith and E. G. Ruppel. 





The leaf spot epidemic in our 1980 nursery provided adequate but not 
excellent conditions for evaluation of breeding lines. The average resistant 
check rating in 1980 was 3.0. The average rating of our leaf spot resistant 
check in 1977, 1978, and 1979 was 4.6, 3.0 and 3.8, respectively. The curly 
top epidemic at Logan, Utah was considered moderate, with US 41 averaging 
4,1 as compared with 3.2 in 1979. Under the severity of the 1980 epidemic, 

a leaf spot rating of 3.0 would be considered good. The results from our 
breeding nursery tests for the 1980 leaf spot and curly top epidemics are 
presented in Table l. 


Table 1. Mean leaf spot and curly top ratings of some breeding lines 
tested at Fort Collins, CO and Logan, UT, 1980. 


Entry Seed Leaf She: 
No. No. Description spot! top 
1266 791013HO3 FC . 502/39 CMS= kort 605e) won 2.3 4.0 
1267 791013HO4 662119sl1 CMS X FC 605 T.0O., mm 2.8 224 
1268 791013HOS5 FG 603°CMS*x* FC "605-1 -027 nm es ae 
1269 791013HO6 642027s1 CMS X FC 605 T.O., mm 2.0 4.0 
1270 791013HO7 1861 CMS X FC 605 T.O., mm Ba 3.0 
eu 791013HO8 (642027sl. GMS XK 662219cl TL.) XetG FU sme 4.0 
IPO) cain 
1272 791013HO9 632028sl CMS X FC 605 T.O., mm aos Jace 
Tas 791013HO10 622112s1 CMS X FC 605 T.O., mm 2,8 325 
1274 791015HO2 FC 6054CMS x FC5507 2s. 0, 3.0 4.5 
Toy 791015HO3 FC 6065CMS X.FC 5027261 -0. ao 4e5 
1276 791015HO4 (6520L6sl CMS X FC 605) xX .FC1502/2e1 20 320 4.5 
eas 791015HO5 (652016s1 CMS X 662119sl T.0O.) X ae 4.0 
BC 5028201 0; 
1278 791016HO2 FC, 605 CMS = xe rc se sU2 aa ae 2.0 aa 
1279 791016HO3 FC 606 GMS X EG 502/3-170. ad 4.5 
1280 791016HO4 (652016s1 CMS X 662119sl1 T.0O.) X a3 4.0 
EO.507/3 1.0; 
1281 791016HO5 63202858] CMS XekO 3U27 Gee ao yu 
791017HO2 L53 CMS X 662119sl T.O. 340 
1287 791017HO3 652016s1 CMS X 662119s1 T.O. 3.0 aoa 
1288 791017HO4 FC¢502/2- CMS 4.66211) tel wee 3.8 a4 
1289 791017HO5 FC 606 CMS X 662119s1 T.O. 3.0 t.35 
1290 791017HO6 [FC(504 x .502/2) "CMS *x “FU O05 10-1 ox ana 3.0 
662119sl1 T.O. 
1291 791017HO7 (652016s1_CMS. :X FC 605.27 .0.),.¥ 3.0 2.0 
662119sl T.O. 
1292 791017HO08 1861 CMS X 662119s1 T.O. 4.0 2.0 
1293 791017HO9 622112sl CMS X 662119s1 T.O. 325 aed 


(Continued) -- 
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Table 1. Mean leaf spot and curly top ratings. . —-Continued 
Entry Seed Leaf Curly 
No. No. Description spot! top! 
1294 791018HO1 L53. CMS, M_ X°L53 T.0. M_ 7.0 5o0 
1295 791013HO2 FC 605 CMS X°L53°T.0; M 3.8 320 
1296 791013HO3 (6420275 xX 662019 bit v0 nx 2053 0.0. Mon678 320 
1297 791013HO4 FC 606 CMS X L53 T.O. M_ and 245 
1298 7910i9HO2 L53 CMS M_.X 661153HO; 642027sl, = 530 BED 
FO7603°2..0. 
1299 791019H03 FC 605 CMS X 661153HO; 642027sl1 = 220 320 
FU, 603 1.0: 
1300 791019HO4 FC 502/2 CMS X 661153HO; 642027s1 = ae Ga) 
FCT OOS'T 03 
1301 791019HOS5 FC 606 CMS X 661153HO; 642027s1 = 2 od 2 ye 
FOSO03 450% 
1302 791019H06 (652016s1 CMS X FC 605) X 661153HO; 30 4.0 
642027sl1 = FC 603 T.O. 
1303 791019HO7 622027s1 CMS X 661153HO; 642027s1= 3a 4.0 
i. ECO6O03 iT OF 
1304 791021HO2 Loa, CMSaM TXOEC 606 -T.0.. 453 Due) 
1305 791021H03 T5670 CMSSX RFE S606. 7. 0: Set Zou 
1306 - 791021HO4 SsZUZ6SLECMs 75 PO sO000. OC. 325 ao 
1307 791021H06 (1862CMS X°712166) xeFCN606 “1.0. 385 oe 
1309 791022HO4 66201 961SCMS EXGLS61ET On. im 4.0 oe 
1310 791022H05 FC 606 CMS X 1861 T.O. mm 363 at 
A3h1 791022HO06 LEC (5040X-502/2)ecCMS.X.FC .605]-x 4.0 3—5 
1861 T.O. mm 
1322 791022HO7 (652016s1 CMS X FC 605) X 1861 T.O. mm as eee 
1313 791022HO08 (642027sl “CMS” X'662119si "Ti07) x 20 Zed 
1861 T.O. mm 
1314 791022HO9 (652016s1 CMS X 662119sl T.0.) x 4.5 ce 
1861 T.O. mm 
1315 791022HO10 622112) sly CMSEXSVG6IME 20. onm 338 oe 
1319 791023HOL1 632028s1 CMS X 632028s1; 651151 HOA,B; 323 a 
661151 HOA 
1320 791023HO2 FC 606 CMS X 632028s1; 651151 HOA,B; 2525 Zid 
661151 HOA 
1321 791023HO3 [FC (504 X 502/2) CMSX FC605]X632028s1; 3.3 4.0 
651151HOA,B; 661151HOA 
Rjz2 791023HO4 1861 CMS X 632028s1; 651151 HOA,B; 4.5 Ze 
661151HOA 
325 791024HO3 EC (6061 CMS 9k 96220275] sar642 0LOsIec. 0, 3.0 4.0 
132;7 791025HO3 FO}606, CMSeX, 622112s1.5 642063eT 0x Ba 2D 
1328 791025HO4 [FC(504 X 502/2) CMS X FC 605] x BQ B 5 
622 112s1 9 6470603 0. 
1329 791026HO2 FC 606 CMS X SP 550 2.8 55 
cI39 791057110 FG) 60 / «CMS OX. E43 a. 2 Die 
1345 771046HO3 EG. 506) CMSEXAaL36 4.8 SU 
1348 791069H9 (FC 506 CMS X L36) X Syn from SP5831-0 3.8 4.0 
1349 791069H10 (652016slL CMS X 662119s1) X Syn from 4.0 4.5 
SP5831-0 
A79-67 BUS GOVE T Oe ae 


(Continued) -- 
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Table 1. Mean leaf spot and curly top ratings . . .--Continued 
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Entry Seed Leaf Curly 
No. No. Description spot} top! 
L$55 761039HO2 FC 607 CMS X SP.6322-0 ayo 4.0 
1356 761036HO3 FC 602 CMS X 761036HO 3.0 Seo 
LIS 761036HO5 FC 605 CMS X 761036HO 2V8 330 
1358 P5ELOZHOE FC? 605 GMS Bus are 
1359 751102HO5 ~— FC _- 506 CMS X FC 605 T.O. 2.5 3.5 
1360 781051HO4 FG 605 (CHS?X 2136000". 338 330 
A78-44 FCS600-T20% 3.0 
781005HO FOS6US reo 5 4.0 
751102H03 FC 608 CMS 3.0 
A79-31 HH 26 5.0 
1411 A79-68 FC 607 CMS 2653 4.0 
1412 A78-45 FC 606 CMS 2.5 3.0 
1413 A78-1 GW Mono Hy D2 3.0 6.5 
Checks 
1286 LSS check, synthetic check 665 
1415 671201HO8 [FC (5047 3502/2) -X SP eeoc2-—Useo 3) SAa 
check] 
seach Logan check 4.1 
US aa Logan check 5.20 


lheaf spot and curly top ratings based on 0-10 scale with O = no symptoms 
and 10 = dead for curly top or complete defoliation for leaf spot. 


FC 606 (entry 1412) and FC 607 (entry 1411) continued to show good 
levels of combined leaf spot/curly top resistance, with 606 superior for curly 
top resistance and 607 superior for leaf spot resistance. Among the newer 
lines showing superior resistance levels to both diseases were entry numbers 
1278, 1320, and 1357. If these lines continue to show these levels of resis- 
tance under more severe epidemics, they may be developed further for release. 
Several lines demonstrated superior resistance to curly top with moderate 
resistance to leaf spot. Entry number 1289 was especially noteworthy in 
that its level of resistance to curly top was very high, and one-half of its 
parentage is FC 606. Several crosses using 1861 T.0. as the pollen parent 
gave very good levels of resistance to curly top (entries 1309 through 1315). 
As in 1979, FC 607 CMS X SP 6322-0 showed good resistance to leaf spot and 
was again very vigorous. Under the more severe leaf spot epidemic of 1979, 
this cross displayed the highest resistance of any entry in the nursery. 


Lines which show consistently high levels of disease resistance in our 
cercospora nursery are frequently evaluated in hybrid combination under nondis- 
ease conditions. Evaluations of the most recently released lines FC 606 
and FC 607 are being made in such tests. Table 2 presents some of the 
results from 1980 under non-disease conditions. The test site located at 
the CSU agronomy farm was high in soil nitrogen as is reflected by the 
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relatively low sucrose percentages. Eight of the 23 experimental crosses with 
FC 606 or FC 607 produced over 7000 pounds per acre of gross sucrose. Entry 
memper 1051, FC 606° CMS X°L53°T.0., was the highest yielding cross in the test 
outyielding the GW MonoHy D2 check. This entry also had a high level of curly 
top resistance in the 1980 Logan nursery (see entry number 1297 of Table Lee 
Crosses of FC 607 CMS with Rhtzoctonta-resistant pollinators resulted in 
several high yielding crosses. Entry numbers 1063 and 1067 yielded 7596 and 
7421 pounds of sucrose per acre, respectively. Entry 1063 was a triploid 
hybrid, since the Rhtizoctonia-resistant pollinator was FC 702/4(4X%). 


> 


Table 2. Summary of yield results for experimental hybrids with FC 606 and 
FC 607 parentage. 
te eee ee SS TROT Ne tA D* 0815 


Gross 


- sucrose 

Entry Seed no. Variety and/or description Sucrose lbs/A 
1048 791917405 FC 606 CMS X 662119s1 T.O. LQ aT 6211 ef! 
1049 791017H06 FC 6074 CMS9X46624196197T 03 PPe30 6960 abcde 
1050 791017HO7 (652016s1 CMS X FC 605 7.0. 

Gos WLGsi ete, 12.66 6511 def 
a1 791018HO04 FOeoUG CMG nats eel Or We 7908 a 
1052 -791019H05 1G 606° CMS" “x FC*603°9.0. 3.0 6236 ef 
1053 peeern0G (1861 CMS X 12166). X-FC 6030T.0, 1400 6660 bedef 
1054 791022H05 FC).606 CMSeX 18619 T. 07mm 14525 7084 abcde 
1055 791022H06 FC-607-CMS"X-L861L.1. 0.2mm 14.63 6660 bedef 
1056 791023HO02 FC 606 CMS X 632028s1 a4 4665 ¢g 
L057 791023H03 FC 607 CMS X*632028581 ISs28 6249 ef 
1058 791025H03 FCeb06 CMSeX 62211251 ..642063.1<0. dpe ia 6299 ef 
1059 791025HO4 FOL6077CMS x p22 hitoln 647003 T.0s 14,65 5800 f 
1060 791026HO02 FG606-CMS "X SP"550 T5240 6436 def 
1061 791028H2 FC 606 CMS X FC 904 mm Lei OO 6960 abcde 
1062 791028H3 FC 607 CMS X FC 904 mm Lo. OS 7097 abcde 
1063 791055H6 FC 607 CMS X FC 702/4(4y) 14.40 1596. abc 
1064 791057H10 FC. 60/7 CMS "xX EL 43 12.79 6585 cdef 
1065 791060H3 FC 607 CMS X 67-436 (4X) mm, high suc. 16.59 7059 abcde 
1066 791064H7 FOVOOJ CMS 2. S5ynatrom Fos. 0 lax 

(LSR-CTR, mm, T.O.) 14.07 6723 bedef 
1067 Pers URIS. OFC 607 CMS xX Syn. from, EC. 703 in: Zo). 7421 abc 
1068 791071H9 FC 607 CMS" Syn irom £C /02/5 Tat 7047 abcde 
1069 791122H6 FC’ 607 CMS X 5th cy... low, Amino _N. 

sel. at high N fertility £32 43 7159 abcde 
1070 791.053H12 EOMbUs. CMO x kG. Ls i351. 7134 abcde 
1071 # A78-1 GW Mono Hy D2 eo 9 7633 ab 


_— eee 


IMeans followed by the same letter are not significantly different at the .05 
probability level. C.V. = 7.9% for gross sucrose. 
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Leaf Spot Evaluations of Sugarbeet Lines Submitted by BSDF-Member Companies.-- 
E. G. Ruppel and G. A. Smith. : 


Separate randomized complete block designs with two to four replications 
were used to evaluate a total of 153 breeding lines submitted by the following 
sugar and seed companies: American Crystal, Great Western, Holly, Beta Seed, 
and Bush Johnson for their response to infection with Cercospora beticola. 
Internal check lines included leaf spot resistant FC (504 X 502/2) X SP 
6322-0, a susceptible synthetic, and, in some tests, SP 5822-0 having inter- 
mediate resistance to Cercospora. The nursery was planted May 7, and inocu- 
lated June 8 and again on June 17. The epiphytotic developed quite rapidly at 
first, but then leveled off in August and finally peaked in early September. 
Leaf spot ratings were made on August 26, September 2, and September 5 on our 
usual 0 to 10 scale. On September 5, mean ratings for the resistant check 
ranged from 2.8 to 3.3 (mean = 3.0) across tests, whereas the susceptible check 
ranged from 6.8 to 7.0 (mean = 6.9). The intermediate check ranged from 3.0 
to 3.3 (mean = 3.2). Company lines ranged from 2.8 to 7.8 on this date. 
Results of the individual tests were tabulated, statistically analyzed, and 
sent to each respective contributor. 


SUGARBEET QUALITY IMPROVEMENT (BSDF Project 53) 


Impurity Component Comparison of a Half Fodder Beet and_a Sugarbeet.-- 
SeposatlantingeR. J. Hecker; and Gita, eom tie 


We have made a preliminary comparison of several chemical components in 
a half fodder beet (HFB: 52-305 CMS X Ovana, F,) and in a sugarbeet 
(Mono Hy D2). These data were obtained in a larger experiment which was 
conducted in a randomized complete block design with two nitrogen levels 
and 18 replications. The entire experiment received preplant ammonium 
nitrate at 118 kg N/ha ("regular N"); the "high N" treatment received an 
additional 112 kg N/ha, as ammonium nitrate side-dressed at 10 weeks 
after planting. The experimental area had about 112 kg N/ha as residual 
nitrate in the top 60 cm of soil. Each plot consisted of four rows, 
each 6.4 m long. Each of the two center rows of a plot was harvested 
separately and the roots were composited as a single sample. 


Under regular N levels, sucrose content (as percentage of root fresh 
weight) of HFB averaged 77% of that of the commercial sugarbeet variety 
(Table 1). Sodium, potassium, and amino N were present in the HFB at levels 
averaging 2.8X, 1.9X, and 1.7X, respectively, the comparable quantities 
(in g/100 g sucrose) in the sugarbeet. Under excessive nitrogen fertilization, 
sucrose decreased more in HFB than in sugarbeet, whereas sodium, potassium, 
and amino N increased more in HFB than in sugarbeet. These changes are re- 
flected in the increased ratios (HFB/D2 in Table 1) found for sodium, 
potassium, and amino N, and the decreased ratio for the sucrose comparison. 
The differences observed between the data for "regular N" and "high N" 


treatments were less than might have been expected, undoubtedly because 
residual soil nitrogen was quite high. 
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Table 1. Comparison of half fodder beet and sugarbeet.! 


$A 














Regular N High N 

Ratio Ratio 
Component 2 ’ HFB MonoHy D2 HFB/D2 HFB MonoHy D2 HFB/D2 
Sucrose (% FW) 11.95 eS O) shen ed cael B29 5 Orhes 
Sodium Oe Oana roe ada Mateck Sie 
‘Potassium 1.91 0.99 Leo Pie Ato heUS 2a0 
Amino N 0.48 0.28 iL and 0.54 0.30 brie 
Sucrose (MT/ha) 8.74 9.69 0.90 8.44 9.69 oor 





IWalf fodder beet (HFB) = 52-305 CMS X Ovana, F,; Sugarbeet = Mono Hy D2. 
2Sucrose as % of root fresh weight; sodium, potassium, and amino N as 2/100 
sucrose. Gross sucrose in MT/ha. n=36. 


aQ 


Parent-hybrid Relationship for Root and Crown Production, and Components of 
Quality and Sucrose Yield.-- R. J. Hecker, I. Romagosa, S. S. Martin and 


‘Go ING rei el aie 


An attractive alternative to the standard harvesting procedure in sugar- 
beets is to remove only the leaves and petioles instead of removing the 
whole crown. A 2-year field experiment has been conducted at Fort Collins to 
determine whether the root-crown relationship of the parents is a necessary 
consideration in making productive hybrids, and to determine the relation 
of parents and hybrids in producing productive, high quality, hybrids which 
could be flailed rather than topped. 


A complete analysis of the experiments must await the 1980 quality data, 
which are still being collected. However, a preliminary multivariate 
analysis was done on the 1979 data. This analysis of root weight, sucrose, 
thin juice purity, and of sodium, potassium, and amino nitrogen in raw juice 
from both root and crown tissue indicates that there are more significant 
differences and effects on sucrose yield and purity for root than for crown 
measurements. Hence, more can be inferred from parents about root sucrose 
yield and purity than about these characters in crown tissue. Multivariate 
tests show that sets of contrasts account for more variability and have 
greater levels of significance than univariate contrasts. From canonical 
correlations, the first canonical variable from the root coefficients 
explained most (82%) of the crown character variances. Heritabilities (h*) 
from regression of hybrids on male and female parents and midparents were 
low and inconsistent for most root and crown characters. This h*'s pre- 
liminarily indicates relatively small contributions of additive genetic 
variance, a likely occurrence in the case of root and sucrose yield, but not 
in the case of sucrose content or the raw juice chemical characters. 
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To facilitate visualizing a multivariate assessment of parents and 
hybrids, a principal component analysis was used to restructure the 
variables into two principal components. Two dimensional plots of female 
and male parents and their hybrids showed a clear separation of parental 
lines, with the hybrids, for the most part, lying between their parents. 


From these preliminary analyses, there appears some promise that 
hybrids suitable for flail harvesting from the standpoint of quality and 
sucrose yield, might be predictable from some standardized multivariate 
analysis of parental assessments. A complete analysis and report on these 
experiments will be made next year. 


Selection and Breeding Studies for High and Low Amino N and for Post-harvest 


Quality Improvement.-- R. J. Hecker, S. S. Martin, and G. A. Smith. 


Two separate quality research and germplasm improvement projects were 
in the field selection phase in 1980. In 1980, the first project, 
selection, and breeding for high and low amino nitrogen (N), was in the 
sixth and fourth cycles of selection, respectively. From about 1500 roots, 
430 and 368 agronomically acceptable roots of the high and low amino N 
populations were selected, from which about 50 roots will be selected for 
high and for low amino N. This will be about 3.3% of each initiate pop- 
ulation. Although not a replicated arrangement, the selection strips were 
comparable; hence, a comparison of the two populations is of interest. 
After five cycles of selection for low amino N in sucrose filtrate, the 
mean root weight and sucrose of 430 agronomically selected roots were 
1,124.02 kg and 14.8+.1%, respectively. After three cycles of high amino 
N selection, the respective values for 368 roots were 1.22+.03 kg and 
11.5+.1%. Hence, it appears that selection for high amino N has caused a 
reduction in sucrose content but only a small increase in root weight. The 
two populations appeared outwardly the same. In 1981 the fourth and sixth 
cycle selections will be interpollinated within groups and crossed to a set 
of CMS combining ability (CA) testers. In 1982, a complete field assessment 
will be made of each cycle of selection, source population, and CA testers. 
Potentially useful germplasm will then be released, and genetic interpret- 
ations and breeding implications will be made. 


The second project, selection and breeding for improved post-storage 
(4100 days) quality at optimum and excess N fertility, was in the third 
cycle of selection in 1980. From about 1300 roots, 455 and 462 agronomically 
acceptable roots were selected from the optimum and excess N treated pop- 
ulations, respectively. About 50 roots will be selected for high purity 
index from each of these sources. Unfortunately, in 1980 the optimum N 
treatment was obviously excess N due to location in an area of very high 
residual N, undetected by our routine soil tests. As a consequence of 
actual excess N on both areas, the root weight and sucrose % of the 455 and 
462 selected roots were little different, 0.97+.02 kg and 11.0+.1% for the 
"optimum N" selections, and 0.89+.02 kg and 11.1+.1% for the "excess N" 
selections. This will not seriously compromise the experiment, unless there 
is a great interaction between the purity index and N fertility. In 1981 
the +50 selected roots of each population will be respectively interpollinated 
and crossed to a set of CA testers. In 1982, a field assessment will be made 
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of selections, source population, and CA test-hybrids to determine selection 
progress and decide on continuation of the project. 


RESEARCH NOT FUNDED BY BSDF BUT OF INTEREST TO BSDF MEMBERS 





International Cooperative Cercospora Resistance Evaluation Test.-- G. A. 


-Smith and Bengt-Olle, Jonsson. 


The potential of strain differences in Cercospora beticola has 
frequently been debated. The possible occurrence of European and American 
strains differing in pathogenecity appeared to be a quite logical hypoth- 
esis. 


In 1980, arrangements were made to test several European-developed 
breeding lines with several American-developed breeding lines under natural 
epidemic conditions in southern Europe. Of particular interest was the 
evaluation of FC 607 which is the most recently released cercospora resistant 
line developed at Fort Collins. All of the cercospora resistant lines 
released from the Fort Collins breeding program are developed under artifi- 
cially induced field epidemics. 


Replicated field tests consisting of 5 entries from Fort Collins and 
‘6 entries submitted by Hilleshog were conducted under natural field 
epidemics in Greece (Platy-Imathios), Stelata, Italy (Po Valley), and 
Valladolid, Spain (Duero River Valley). The same entries were tested under 
our standard artificial field inoculation at Fort Collins. Epidemics were 
quite severe and uniform in Italy, severe but late in Greece, and mild in 
Spain. The epidemic at Fort Collins was considered moderate as compared to 
previous years. An old multigerm Italian variety "Alba" was used as the 
resistant check in Greece, Italy, and Spain. This variety, although very 
leaf spot resistant, is not grown commercially and is strictly a check. 
FCLRC is the long term cercospora resistant check at Fort Collins and was 
included in the tests at all locations. FC 607, FC 696, and a new ex- 
perimental line FCL 3 displayed high leaf spot resistance at all locations. 
FC 607 was essentially equal to Alba at all locations and better than all 
other entries overall. A summary of the results are presented in Table 1. 


Although this study does not preclude the existence of strain 
differences for pathogenicity in cercospora, it does not point to such 


differences either. The test will be repeated in the same countries in 
1981. 


- C30 - 


Table 1. Summary of leaf spot ratings from international cooperative 
cercospora resistance evaluation test, 
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Average 
United across 
Entry States Greece Italy Spain countries 
FCL 1, FC 607 CMS 2.8! Lad 4 1.0 J4aLey 
PCL 255 FC.606eCMS SU 16 Ze L.0 ooh 
FOL 3, FG) 6057CMS = a0 eo 1.6 Bh a Ze 
VOLOZ AHO De 
FC CILC. SP 5622-0 ae i teks Lae Le 2.0 
FOP ERC FC C50ses 502 /2 eee i 1.8 Toe i 
x SP 6322-0 
Hh Mono CR=1 ae ore Za LG Ze 
Hh Mono CR-2 4.6 aa ano Leh 3.0 
Hh Mono CR-3 4.9 4.0 ere res 3.4 
Hh Mono CR-4 6.4 yo 4.6 i339 4.5 
Hh Mono CR-5 6.8 ae aid iors 4.4 
Hh Mono CR-6 OD D ecdy 3.6 i aie 
Alba P, ck. = Les Lo 1350 i 


lAverage leaf spot rating based on 0-10 visual scale where 0 = no infection, 
and 10 = complete defoliation. 


The Evaluation of Fodder Beet as a Source of Ethanol.--G. A. Smith. 
re oer ee a ee Een OULCe Osea eleme 


In 1980 we began an evaluation of fodder beet and sweet sorghum as 
potential feedstocks for ethanol production. This project, made possible 
by short-term funding, is designed to establish the agronomic yield 
capabilities of these crops as they relate to potential biomass or ethanol 
production. 


Uniform variety tests for the 14 fodder beet entries listed in 
Table 1 were conducted at Fort Collins and five additional locations in 
1980. Similar uniform tests are planned for 1981. All of the entries 
except the known checks were developed in Europe. Although the pedigree 
of these entries is not known, the high dry matter and sucrose percentages 
indicate that most are sugarbeet X fodder beet hybrids with a considerable 
amount of introgression of sugarbeet germplasm. 


Table l. 


a SS ee ee 
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hybrids and two sugarbeet checks. 


Summary of means for 14 fodder beet or sugarbeet X fodder beet 





Root Gross Theoretical! 
yield Sucrose sugar %Z dry wt. Ethanol 

ee GME OF roots y \ big/A 
965." GW D2, Ane (2X) Lied 17.60 8070 ZO se 538 ab 
966 Zwanpoly, check bie Mt 15. oe 8409 24.0 Sol ta 
951° /Lamono 1 (2X) te ee 7286 20 od 486 bed 
‘952 Lamono II (2X): 30.4 TS Ng 6941 19.1 463 cd 
953 Monorosa (2X) 28.9 15306 7519 ZL 501 abcd 
954 Yellow Daeno (2X) ZO att 10.06 5907 dk 4. 394 e 
955 Monoblane (3X) 30.8 TTe55 7364 195 491 bed 
956 Kyros (3X) 308 Td ads 7962 13.3 Dale ab 
957 Monara (3X) 3 eng Sate 5974 16.8 398 e 
vam.) Monriac. (3X) pokes hd Oss 1303 Dt ae 487 bed 
959 Eckdobarres Lae Gero OTe 16.6 371 e 

OUA 4A, 31% 3X) 
oo Oscar. (817.4X, 19%. 3X) Sek) Tie) 6748 Lyd 450 d 
961 Beta Rose Sugar foe o 10.85 hace 18.6 488 bcd 
(44% 4X, 56% 3X) 
962 Barsien (78-2) 2955 Zao 7149 ZU) 9 477 bed 

Cer Leas ees 2k) 
963 Monovigor (3X) tee 5 11:35 7838 18.8 523 abc 
964 Monorosover (3%) S2.0 didlos 7549 IW / 503 abcd 


00 SSS a ee 


IMeans within a row followed by the same letter are not significantly 


different at the .05 probability level. 


Sucrose, which approached the sugarbeet checks (Table 1). 
(953, 956, 963 and 964) gave gross sucrose yields not significantly 


Several of the "fodder beet" entries yielded over 7300 lbs gross 
Four entries 


different from the Zwanpoly check. 
were 2.5 to 9.4 tons greater than Zwanpoly. 


The root yields of these four entries 
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An evaluation of sweet sorghum (Sorghwn bicolor) as a potential feed 
stock for ethanol production was begun in 1980 as part of a USDA energy 
study. 


Sweet sorghum cultivars were evaluated for vield potential at seven 
locations in the U.S. Cooperators in this project were R. T. Lewellen, 
I. 0. Skoyen, G. E. Coe, G. J. Hogaboam, K. Freeman, D. L. Doney and F. J. 
Hills. Data collected included, total biomass yield, total sugar, types of 
sugars, dry matter, height, stalk diameter, and percent leaves and stalks. 


The initial results from the first year's study indicated that sweet 
sorghum has potentially very wide adaptability to varying environments. 
Sweet sorghum's obvious potential for wide adaptability is accompanied by 
favorable agronomic characteristics, such as easy planting and cultivation, 
high fiber content (for potential use in paper production or as a com- 
bustible fuel source), and relatively few major disease problems. The 
prominent disadvantage is storability of harvested stalks. — 


Summarized yield data and theoretical ethanol production are summarized 
in Table 1. 


Table 1. Summary of net stalks yield (T/A) and theoretical ethanol yield 


(g/A) from uniform variety tests conducted at seven locations in 
1980; 


ee 


Net stalk yield Potential ethanol 

Location Dale Keller Rio Wray Dale Keller Rio Wray 
a ge ee 
Brawley Bea ele. Paar 685 498 S19 
Davis 42.3 43.8 34 a1 50.9 845 877 683 1000 
Logan Zoe 26.0 eo 25.4 342 347 292 338 
BrvaColsains=* 4052 OT oe 53 0c 40.9 536 496 448 545 
East Lansing 28.0 21.6 BO s3 413 333 470 
Merridian lees Ze 20.4 374 So 320 
Beltsville ZLeO 225 20a Peo 420 466 336 448 


ree 


It is expected that the techniques for data collection developed in 1980 
will enable a further collection of reliable data in 1981, which will give a 
true evaluation of the agronomic potential for sweet sorghum ethanol production 
in the United States. A uniform set of cultivars will be evaluated in 1981 
at seven locations in the continental U.S. and one location in Hawaii. 
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Differential Response of Sugarbeet Cultivars to Herbicides.--G. A. Smith and 
BoB esc oF Suparbeet Cultivars to Herbicides 


E. E. Schweizer. 


Since 1977 we have conducted research designed to detect cultivar xX 
herbicide interactions. The Purposes of these studies was to determine the 
Physiological and morphological effects of the herbicide on measurable 
Sugarbeet characters and not to determine the weed control effectiveness 
of herbicide treatments. The effects of preplant and postemergence herbi- 
cide combinations have been studied. In these studies, all herbicides were 
applied at recommended rates for weed control. The results presented here 


are short summaries of three experiments conducted over the four-year 
period of 1977-1981, 


Experiment I - In this experiment we studied the effects of Ro-Neet 
applied preplant followed by a mixture of Betanal plus Betanex (B + B) 
applied postemergence, and of Nortron applied preplant plus a mixture of 
B + B postemergence. These herbicide combinations were applied to a 
diverse set of 15 genotypes consisting of 5 inbred lines, 5 experimental 
F, hybrids, and 5 commercial cultivars. All 15 entries also were grown 
without herbicide treatment. In all treatments, weeds were removed by hand 
throughout the season. Data taken included root yield, sucrose, purity, 
foliar Suppression, stand and non-sucrose chemical components. A summary 


of mean squares from the 2-year combined analyses of variance is presented 
in Table 1. 


Eight of ten characters displayed significant yean Accubtdvar (Yi -C) 
interactions, indicating differential cultivar performance in each year. 
Other first order interactions were year X herbicide (Y x H) and herbicide 
X cultivar (H x C) for root weight and foliar Suppression, respectively. 
The significant Y x H interaction for root weight indicates that the three 
treatment regimes did not affect root yield in the same order in each of 
the two years of the study. 


Analyses of variance of the five commercial cultivars alone also 
showed significant Y x H interaction for root yield, which 
indicates that the differential effects of the three treatment regimes 
Over the two years was not limited just to sensitive inbred lines and 
experimental F) hybrids. In this study, no significant Y x C interactions 
for the yield components, root weight, sucrose, or purity were found for 
the five commercial cultivars. This apparent yield stability as compared 
to the inbred lines and F, hybrids may be attributable to selection and 
testing under different environments during their development. 


Although commercial cultivars in this study were the least sensitive 
as a group, sensitivity to the herbicide treatments varied among genotypes 
within each of the three cultivar groups. From the plant breeder's point 
of view, consistent Y x H and Y x C interactions, such as found in the study, 
dictate further laborious and expensive field testing over years before a 
promising cultivar can be released. 
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Table 1. Summary of mean squares from the two-vear combined analysis of 
variance for the 10 characters studied for 15 sugarbeet cultivars. 
ee $n ni ae 
Source of variance! 
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Years Herbi- Cultivars 

(Xs) cides (H) (C) YxH OE HxC YxHxC 
Root wt. 7895%%* 3k 2622%% 693*% 1N5** 13 14 
Sucrose 35%*% 4x 40%** 0.66 1.84** 0.31 0.26 
Puriocy 70 16* 88*x 0.87 4xx a 1 
Na LOO) 566 8126%** 180 822%* 123 126 
K 36720%*%* 437 28248%% 457 1481** 267 219 
Nitrate 242062* 5576 42682** 2532 LZIORS welded 1216 
Betaine 302554%** 100 1 113362*%* 687 3495** 1500 1104 
Amine N 859 73 1528%** 298 60 36 47 
Chloride 8028%** 153* 4740%% 14 297%x* 36 16 
Foliar 0.41 47876%*%* 9429%* 1.80 Oar 259%% sa) 5aS 
Suppression 


nae ener ee — 


1The degrees of freedom associated with F-tests were 1 and 5 for years, 
2 and 20 for herbicides and YxH, 14 and 420 for cultivars and YxC, 28 and 
420 for HxC and YxHxC. 


*,**Significant at the 5 and 1% levels of probability, respectively. 


Experiment II - In this study, eight commercial or near commercial 
cultivars approved for use in the type A growing area of Colorado, Nebraska, 
and Kansas were evaluated under four herbicide treatment regimes. «In 
addition to the Ro-Neet B + B and Nortron B + B pre and postemergence 
treatments described in Experiment I, a mixture of Nortron + Hoelon was 
applied preplant followed by B + B postemergence treatment. All eight 
cultivars also were grown without herbicide treatment in this test. The 
eight commercial varieties from three companies were HH 26, Beta 1237, 

GW D2, GW AS, GW A3, GW D7, GW A4 and GW Al. Varieties were evaluated for 
2 years ina six-replicate test in 4-row plots, 21 feet long. Oven-dry 
plant weights were taken at 33 and 45 days. Root yield, sucrose % and 
purity “4 were taken at harvest. 


Results, Pre~harvest data - The response of sugarbeet seedlings to the 
application of herbicides was apparent at 33 days after planting 
(prior to B+ B). The analysis of variance indicated Significant dif- 
ferences for both varieties and herbicides. Seedlings in untreated plots 
weighed more than those receiving herbicide treatments. Visual observations 
made at this time corresponded to the analysis. The herbicide treated 
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seedlings were noticeably chlorotic and slightly stunted, while those in 
the handweeded plots appeared healthy. After 33 days, Mono Hy A4 and Mono 
Hy D7 were the best performing varieties in the untreated plots and were 
consistently better able to resist the effects of the three herbicides. No 
differences among varieties were found under the Nortron regime, and only 
minor differences among varieties occurred when treated with Ro-Neet or a 
mixture of Nortron and Hoelon. 


Visual observations made immediately before sampling at the 45-day 
(after B + B) stage of growth revealed extreme variation in varietal re- 
sponse. The chlorotic appearance of all eight varieties receiving herbicide 
treatment was more pronounced and was reflected in the seedling weights. 

A significant variety x herbicide interaction was present for 45-day plant 
weight. The interaction indicates that the varieties did not all respond 
Similarly to each herbicide regime. The data in Table 2 reveal the dif- 
ferences in varietal performance at 45 days over all treatments. Mono Hy 
A4 produced Significantly heavier seedlings than all other varieties in the 
handweeded control. No significant differences in varietal performance 
were evident within the Nortron plus B + B treatment. 


Variety x herbicide interaction was evident for 45-day plant weight 
under the Nortron-Hoelon plus B + B treatment. Under this regime, several 
shifts in varietal ranking were noted (Table 2). These shifts in varietal 
rankings among different herbicide regimes may indicate that each variety 
differs in the ability to detoxify certain herbicides quickly. 


Results, Harvest data - All eight varieties overcame the effects of 
the herbicide treatments (although at. different rates) as the growing 
Season progressed. The chlorotic condition disappeared and overall vigor 
returned as the herbicides were detoxified or otherwise inactivated. No 
visual differences in varietal performance could be seen at harvest between 
the untreated and herbicide treated plots. The average yields of the eight 
varieties were about 6% less than untreated checks. The analyses of 
variance for sucrose % and root weight showed significance among herbicide 
treatments only for root weight, and among varieties for sucrose % and root 
weight. A significant variety x herbicide interaction for root weight was 
found. No such interaction was detected for sucrose %. For root weight, 
HH 26 performed poorly in the untreated plots as well as when treated with 
Nortron plus B + B or Ro-Neet plus B + B; however, HH 26 performed as well 
as six other varieties when treated with a mixture of Nortron plus Hoelon. 
A more dramatic example of variety x herbicide interaction was seen in the 
yield performance of Mono Hy Al. When this variety was treated with Nortron 
plus B + B, the yield was lower than all other varieties tested. When 
treated with Ro-Neet or Nortron plus Hoelon, the performance of Mony Hy Al 
was comparable to the other varieties. This response should not be con— 
sidered stimulatory but simply reflects the adverse effects of Nortron on 
Mono Hy Al. Beta 1237 and Mono Hy AS were consistently the highest sucrose 
varieties across treatments. 
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Table 2. Differential response of 45-day seedlings to herbicide application. 


— 


Herbicide Regime 


Nortron Ro-Neet 
Variety Handweeded B +B Beka B Nortron + Hoelon 





g 
HH 26 ov05 8.99° 10:56°° 9. hee 
Beta 1237 10a 35 10.13° 9.81°° 10251 
Mono Hy D2 Tie ae 8.479 6395 ——-g.gubme 
Mono Hy AS Vice 9.089 10,43>¢ g.5gb-e 
Mono Hy A3 12.78P¢ 9.099 8.67% 7 208 
Mono Hy D7 12.87° 9.939 Mezie 12.029 
Mono Hy A Seite 10.767 13.369 10.422° 
Mono Hy y2 7yeee 9.409 geger® 9, 95918 
Mean! 2 i3e 9.4g> 10.412 9.59? 


ae es 


“Within a column, means followed by the same letter are not significantly 
different at the 0.05 level, by Duncan's Multiple Range Test. 


1Column means followed by the same letter are not significantly different 
at the 0.05 level by Duncan's Multiple Range Test. 
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Experiment III - Since Experiment II suggested that cultivars may 
differ in their ability to detoxify certain herbicides and, hence, 
demonstrate differential recovery rates, an experiment was begun in 
1980 designed to study post-herbicide treatment growth rate throughout the 
season. Beta 1237 and GW Mono Hy D2 were selected as the test cultivars 
because they were developed in totally unrelated breeding programs and have 
no common parental components. These two cultivars were subjected to pre- 
plant and postemergence treatment combinations of Ro-Neet plus B + B and 
Nortron plus B + B. Both entries also were grown without herbicide treat- 
ment. Plant dry weights were taken on 10 sampling dates beginning at 33 
days after planting and continuing through harvest. Twenty-four plants per 
plot were sampled at each sampling date until 123 days. Thereafter 12 
plants were sampled. Beta 1237 and GW D2 exhibited distinctly different 
growth patterns (Figure 1). At 45 days, mean plant weight for each cultivar 
was reduced 30-40%. In preliminary studies, reductions at 45 days were over 
50%. At 63 days, GW D2 plants weighed 20% less than their untreated check 
counterparts, whereas Beta 1237 plants weighed the same as the check plants. 
For the Ro-Neet plus B + B treatment, it was not until the 103-day sampling 
date that GW D2 had recovered to 100% of the check. For the Nortron B + B 
treatment, GW D2 did not weigh 100% of the check until 123 days. After peaks 
in plant weight were reached, both cultivars then fell behind their equivalent 
untreated checks. Here again the patterns of the two cultivars were not the 
Same. A reduction in plant weight after having once been equal to the un- 
treated check may represent a delayed reaction to the herbicide treatment. 
At 140-150 days, both cultivars exhibited a linear increase in plant weight 
through harvest. At harvest, both cultivars under either herbicide treat- 
ment yielded about 6% less than their equivalent untreated checks. Further 
study is needed to determine cultivar recovery patterns following herbicide 
treatment. 


Several conclusions can be made as a result of these three studies. 
1) All cultivars do not respond equally to imposed herbicide treatments. 
Results demonstrate that some cultivar x herbicide interactions do 
occur. 


2) Certain cultivars exhibit above-average tolerance to specific herbicide 
regimes. 


3) Recovery from herbicide growth suppression differs from cultivar to 
cultivar. Inherent differences among genotypes in ability to detoxify 
certain herbicides may exist. 
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SUGARBEET DISEASE RESEARCH - 1980 
W. M. Bugbee 


U. S. Department of Agriculture, Agricultural Research 
Department of Plant Pathology 
North Dakota Agricultural Experiment Station 
Fargo, North Dakota 


Newly harvested sugarbeet roots possess little invertase activity that 
is detectable by conventional methods of analysis. Most of the reports in 
the literature further state that invertase is not detectable in stored 
roots. Yet invert sugars are measurable in harvested roots and accumulate 
during storage. Our work of several years ago showed that bacteria and yeast 
exist and multiply within roots, but we were not able to demonstrate inver- 
tase activity with the methods available to us at that time. This report 
Summarizes the evidence to prove that invertase from microbial sources within 
the root account for the inversion of sucrose to reducing sugars. Location 
of the microorganisms within the root also will be described. 


Localization of microbes within root tissue 
eee ae Sn en ee ee ee LOO Re UL ue 


Fresh sections of root tissue when examined microscopically often would 
show clouds of bacteria flowing from the tissue out into the water containing 
the tissue. Bacteria were not evident in all tissue. Dark flecks that deve- 
loped on the cut surface of roots usually contained bacteria so these flecked . 
tissues were examined with a scanning electron microscope to learn precisely 
Where the microorganisms were located. 


Bacteria and yeast were present within cells. Xylem cells contained a 
few but the largest concentrations were within parenchyma cells. The 
microorganisms were inside the vacuole and appeared to adhere to the inner 
vacuolar membrane. A filamentous-type bacterium had one end of the filament 
anchored to the membrane. Few microorganisms were seen in the intercellular 
spaces. 


Microbial and Sugarbeet invertase 


Forty root discs, 1 mm x 15 mm were washed for 3 days in running aerated 
distilled water containing the antibiotic chloramphenicol (3 mM). The dises 
were then homogenized, centrifuged, and the Supernatant was dialyzed. The 
assay for invertase activity in the dialysate showed activity was greatest at 
pH 5.0 - 5.5. Filtration of Samples of dialysate through a calibrated gel 


column showed the molecular weight of the Single invertase was approximately 
33,000. 


Invertase activity was determined in juice extracted from a sound root 
that had been stored for 12 months. This extraction was done with glass 
beads to increase the release and solubilization of invertase from microbial 
cell walls, especially yeast. Filtration of dialysate samples through a gel 
column showed the single invertase had a molecular weight of about 205,000. 
Dialyzed glass-bead homogenates of a pure culture of yeast had the same 
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approximate molecular weight for invertase. Therefore, it was concluded that 
the invertase activity in the stored root was caused by yeast. 


The following procedure was used to increase the sensitivity of micro- 
bial invertase detection in roots. A root from the 1980 crop was peeled, cut 
into pieces small enough to pass through the opening of a juicerator. The 
pieces were submerged in 70% ethanol for 2 minutes and dried in a sterile 
transfer hood. Juice was extracted with a juicerator that had been flushed 
with 70% ethanol. Sodium sulfite (.8M) was added to the juice at 1 ml per 
100 ml to prevent darkening. Juice samples were plated on nutrient agar for 
bacteria counts and on acidified yeast-malt extract agar for yeast and fungi. 
The juice was centrifuged, the pellet retained and resuspended in distilled 
water, centrifuged again and the pellet was suspended in 10 ml of 1 M NaCl. 
The suspended pellet was homogenized in a Polytron homogenizer for 0-3 
minutes, centrifuged, and the supernatant was dialyzed against glass 
distilled water. An invertase assay of dialysate of the unhomogenized pellet 
Showed the greatest activity at pH 5.8 and another broad peak at Di gneUL@<7.0 
(highest pH tested). Culture plate counts showed the microbial population 
consisted largely of bacteria with relatively few yeast. Gel filtration of 
Samples of dialyzed extract showed at least two peaks of activity. Neither 
peak corresponded to sugarbeet invertase in molecular weight. Modification 
of gel filtration must be done to increase peak resolution and estimate mole- 
cular weights. 


Discussion 


Microorganisms inhabit cells of healthy sugarbeet roots. Bacteria are 
prevalent in freshly harvested roots, multiply during storage of the root and 
contribute largely (probably entirely) toward the hydrolysis of sucrose 
through the production of neutral invertases. As roots age in storage and 
the pH drops due to bacterial metabolism, yeast growth is favored and sucrose 
is hydrolyzed largely (probably entirely) by acid invertases produced by 
yeast and other fungi. 


The avenues of entry into the root have not been determined but the pre- 
Sence of bacteria and yeast within seeds and germinated seeds indicate that 
One avenue may be the flower. If so, microorganisms could inhabit and be a 
part of dividing cells early in the plants growth cycle. This mechanism of 
entry is easier to accept than microbial penetration of intact cells. 


The development of storage germplasm with inherent low invert sugar 
accumulation would be very difficult because the microbial population within 
roots probably fluctuates from year-to-year depending on many environmental 
and physical factors that affect root entry and growth of the microbes. 


Other impurities that accumulate in the healthy root during storage also 
May be caused by microbial metabolism. 
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Storage Rot Response of Hybrids With a Rot Resistant Pollinator 
Larry Campbell and Joye M. Bond 


U. S. Department of Agriculture, Agricultural Research 
North Dakota Agricultural Experiment Station 
Fargo, North Dakota 


Hybrids of F1001, a rot resistant line, and 6 cytoplasmic male sterile 
lines were obtained from the USDA breeding program at Ft. Collins, Colorado. 
Hybrids and parents were grown in a randomized complete block design with five 
replications. Responses to three important rot fungi (Phoma betae, Botrytis 
cinerea, and Penicillium claviforme) were recorded after storage at 10 C for 
90 days. 


Rot ratings are presented in Table 1. With one exception (A12 MS/AI-16 
CMS for Phoma response), F1001 had significantly lower disease ratings than 


Table 1. Rot ratings of parents and Fits of crosses between F1001 and 
commercial CMS lines. 


Crosses and parents Phoma Botrytis Penicillium 


rot rating t¢ 





642027SL/662119SL CMS sc ad 4.5 b 4.904 
ue " //¥F 1001, Py Zeonc Aes7k 4.0 ef 
652016SL/662119SL//FC506 CMS 3 4bha © Ut6eab 4u.ga 
Us " " /3/71001,F, 2258c 3.2 e 3.9°f 
63-5HO/6 CMS 3.0 ab 4.2 be 4.9a 
E in //F1001,F, 2.25Cc Zagat 4.2d 
KWS MS set ap 4.10 4.8 ab 
"  7/F1001,F, 2.2 ¢ 2 saite 4.2 de 
AI-2 MS/AI-16 CMS 2eic 4.6 ab 570 a2 
" i" //F1001,F , 2s tele 333 ¢ 4.6 be 
FC607 CMS 2.9 ab ua 52 0Ra 
. /F1001,F, 23 3c 3.7 d 4.50 
F1001 1.9 c 2.0 g FeSg 
CMS parent mean 3.0 445 4.9 
Py mean 2a 320 4.2 
Mean 2.5 3.6 4.5 
ACH=30 3.2 4.4 5.0 
Se Te Dee eee 


t Rot rating indicates the distance rot progressed through a 1 cm? block of 
root tissue after incubation at 20 C for 2 weeks. 0 = 0 mn; 1 = not more than 
2mm; 2 = 2-4 mm; 3 = 4-6 mm; 4 = 6-8 mm; 5 = 8-10 mm (entire block). 


* Means followed by the same letter are not Significantly different (Duncan's 
Multiple Range Test) at the .05 level of significance. 
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the CMS parent. Phoma ratings for F,'s were not significantly higher than 
F1001 ratings. Botrytis ratings were generally higher for the F,'s than for 
F1001 but were in all cases lower than the female parent. Differences in 
disease ratings for Penicillium indicated that F.'s were intermediate to the 
two parents; however, differences were generally small. These results indi- 
cate that the use of a rot resistant pollinator would be instrumental in pro- 
ducing hybrids with improved rot resistance. The relationship between disease 
ratings and economic losses in storage piles is not clear and the degree of 
resistance necessary to noticeably improve storability needs to be explored. 
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HYBRID EVALUATIONS 


G. J. Hogaboam and J. W. Saunders 


The two hybrid evaluations reported here represent the first evaluations 
of various combinations. We are indebted to the Farmers and Manufacturers 
Beet Sugar Association and the American Crystal Sugar Company for raising 
test quantities of these hybrids in their pollinator fields and providing 
them to us for testing. The F&M also cooperates in the testing and evaluation 
for quality. 


The USDA - F&M hybrid test of 24 hybrids revealed 12 hybrids with signi- 
ficantly less recoverable white sugar per acre than US H20. Only 3 had signi- 
ficantly less yield of roots per acre than US H20. Thirteen hybrids had 
significantly lower quality (recoverable white sugar per ton) than US H20. 

All hybrids were equal to or better than US H20 in leaf spot resistance with 
Six significantly better. 


Experiment 11 was designed to detect any significant changes that may 
have been made in the lines EL44 and EL45, during their selection to improve 
their seed production ability. In Table 11, A and A' were used to designate 
lines with similar parentage to EL44 (designated A")and B and B' were used to 
designate lines with similar parentage to EL45 (designated B"). Eight differ- 
ent-pollinators were used in the test with ' designating a different year of 
seed production. The data indicate no significant change in the yield of 
roots per acre or recoverable white sugar per acre, but there was a signifi- 
cant improvement in quality as measured by % sucrose, % clear juice purity 
and recoverable white sugar per ton. There was also a significant loss in 
leaf spot resistance, as measured on Sept. 4, at East Lansing, MI. One can 
only speculate on the cause of these quality improvements, since no selec- 
tions were made to improve them. Our speculation is that EL44 and EL45 had 
had fewer generations of increase and thus less chance for contaminent pollen 
to change the characteristics. 
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USDA - F&M Nursery Hybrid Test 


1980 
Entry No. NaCLeacy " 

1 SP75572-01 X 76745-0 ms X SP6822-0 
2 SP70756-01 X a os : 

3 SP74566-01 X ry ‘ i 

4 sero) ay Olek ie is 

5 EL36ms X i a i‘ 

6 EL45ms x r js 

7 USH20 

8 FC506ms X 76745-0 ms X SP6822-0 
9 EL31ms X < " i 
10 56 3HO X i. i a 
L2 SP77612-01 X " 
12 SP 7/6019 — Oly * : _ 
13 EL44ms X FC506 i sk 
14 'SP7154 2-01. Keener " " 
ies 551HO X " u 
16 Mono HY E4 
17 SP76745-01 X FC506 " X SP6822-0 
18 EL36ms X - " . 
19 SHiAL65 0-0 78x + " a 
20 F&M H3 
oeeL $P6926-01 X UI12167B-11 ms X SP6822-0 
ae FC606ms X ot 
Zo SP76682-01 X SP77/56-0 GCSI X°SP6822-0 


24 SP74324x1l X SP71621-0 X SP74566-0 X SP6822-0 
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USDA - F&M Nursery Hybril fest - 1980 


Vassar, Michigan 





Entry Beets/ Leaf 
No. RWSA T/A RWST nS % CIP 100 Ft. Spot* 
1 6504 27282 234 14.89 Ott 84 i 
2 6240 26.31 237 14.97 91.48 78 5.0 
3 6658 28.83 232 14.81 90.91 87 5.0 
4 5478 5236 234 14.86 91.34 60 4.7 
5 6264 26.78 234 14.89 91.10 80 Cs 
6 6439 26.99 238 Lats G1 2b 84 Sy0 
7 7104 29 beste 255 1 92.65 93 53 
8 6416 25.93 248 Les 91.72 79 4.3 
9 5995 26.00 231 Lae 91.03 79 5.0 
10 Sup w 25.92 Dot 14.31 90.36 78 5.0 
i 6494 Tea 238 toils 91.01 83 4.0 
1 6022 24.91 242 15250 91.39 72 4.0 
13 6634 26.49 250 ono 92.16 83 4.3 
14 6566 26.84 245 15,40 91.55 80 Sar 
15 6141 25.87 238 15.04 91.34 80 4.7 
16 6902 26.29 262 16.18 92.42 90 ae 
17 6395 25551 251 TIS 5 92.32 84 4.0 
18 6685 26.91 256 15.45 92.04 83 aoe 
19 6454 26.03 248 15.48 92.00 76 3.3 
20 6673 26.96 248 15.38 92.22 88 aa 
21 6539 26.39 248 15.41 92.12 84 a7 
29 6550 26.42 248 15.50 91.83 76 Sau 
23 6323 26.49 239 15.08 91.44 83 4.7 
24 6723 28.75 234 14.97 90.93 90 Led 
GEN. MEAN 6413 26.54 242 15022 91.57 81 4.6 
LSD (5%) 620 2.26 13 0.56 0.85 10 sa | 
14.2 


CV (%) 8.4 7.4 4.7 Sa 0.8 10.7 


Location: Rudy Mossner Farm 

Cooperation: Michigan Sugar Co.; F&M Beet Sugar Assn. 

Planted: May 5; Harvested: October 8; Row Width: 28 inches 
Disease: Light leafspot 

Reliability of Test: Very good 

*Beltsville, Md. readings; Dr. Coe; July 30; 3 reps. 
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Table 11. Comparison of EL44 and EL45 (A"xB") with (AxB) or (A'xB') representing 
lines from which EL44 and EL45 were selected, tested in combination with 8 differ- 
ent pollinators (' on numbers designates a different year of seed production). 


Entry % % Fai tansingsi.S. 
Hybrid Code No. RWSA T/A RWST Sucrose _CdP 8-19 9-4 
meee eho eee 1101 246330, | 24.39. 4 259.8". 15.39 94.62 8.3 4.3 
eee beexenen), 11025) 15888 +) 22.38) 264619615358 | 94.80 S37 730 
A' x B' x 4 TIOSYY OOSPV Re 2422578 72612794 515258" 894332 oso S33 
Beek Bx 4 T10892E 6541 yn 245530" = 266.8%) 115586" 94739 Sm 50 
Bepeep 9x 2)" 1105° “6002 ~ 24.50° ©245.3'°°14.88° 93.47 ole ae 
eee sex eee)? 11065 £9 6084°" 24, 22%5 2502754515. 17" 93.56 4.0 6.0 
meee Xs 91107)" ©5989-5 23:66" 253.4 15.04 94,59 Za 4.0 
MeeeoeX Sree) 1108¢)).5497, 2272119 °©2607340 115.377 94.81 3.0 4.3 
Heex.B., X..2 1109 5496 22.99 240.0 14.96 92.12 4.0 6.0 
Bie xe B" x52 114 O89 8 6147 P98 252209" 2432799714 78840"93216 4.0 6.3 
Baek.Bex 3 WET The’ 56382! 922871 2424927892 149960 9494.11 LOT 4.0 
AaexeB! x. 3 ThA 2anY 525620820871 622547 6% 415215894243 3.0 4.3 
BaexoB, X 5 1d3— 955544 119.8509" 28071 29165 44a"-94998 a7 od 
Azex:B" x 5 TMa4roe6Sate e24280the28270'4) 162560 1n 94.91 So ots 
pax Bre x-6 PeoemosoO Weel ay ON25425e6 1.155445", 93239 Set 523 
A" x B" x 6 1 }AGESRS0488% 19268 a2562580 1554520993776 4.0 aa 
AmexaBi-x 1 17 £52 1.0998 20636; 92 55074 681.5 24240 93071 3.0 acu 
Aiexr Bx] TT SRS GOLAN e235 30° W257. 20)8 1593921594520 320 ud 
ApexeB" x 7 POU 747 SSTR PAG. 1.024797, 129 142892 4-93.97 3.0 4.3 
ee xPB" x 8 i COP See 9! 2024 00PN256 3591975720 94063 3.0 4.3 
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CLONAL SYNTHETICS 


By 
G. J. Hogaboam and J. W. Saunders 


Seedstalks of 117 monogerm roots, selected from 12 outstanding progenies 
of the Bean and Sugarbeet Research farm at Saginaw, Michigan, were allowed to 
interpollinate in the greenhouse during the winter of 1976 - 1977 at the 77B1 
seed production location. Each root was cloned using seedstalk cuttings. A 
Vigorous ceiling fan was run constantly during the pollinating period and the 
pollen was daily blown into the air from each plant. 


The open pollination seed from each mother beet was used to evaluate the 
progeny performance in: sand emergence, yield ability and processing quality in 


an agronomic test, as well as resistances to Aphanomyces black root, Cercospora 
leaf spot, and Rhizoctonia crown and root rot. 


A decision was made to use the clones to develop monogerm breeding mater- 
ial with improved recoverable white sugar per ton and improved clear juice purity. 
Our research and that of others indicate that the quality characteristics are 
involved in general combining ability, whereas the yield characteristics are 
more dependent on specific combining ability. Therefore, one should use material 
that has been improved in this general combining ability when searching for spe- 
cific combinations to maximize yield of recoverable white sugar per acre (at a 


reduced energy cost for hauling, handling, and evaporating water associated with 
highest tonage beets). 


Clones of 7 of the original 117 monogerm roots were selected for the 78Bl 
synthetic on the basis of the superior performance of their progeny in the 1977 
evaluations of 77Bl seed lots. These progeny were selected specifically for 
their high clear juice purity coupled with high recoverable white sugar per ton 
and above average disease resistance. 


The 78B1 seed (pooled by clonal parent) was tested in 1978 versus the 
77B1 remnant seed produced on the same roots. The results, Table 1, represent 
differences in the male gamete pool in 77B1 (117 roots) versus 78B1 (7 roots), 
since the female gametes came from the same roots. Only four of the seven roots 
involved in 78B1 could be compared here as we were out of remnant seed of 3 of 
the 77B1 seed productions from these roots. This also precluded their inclusion 
in the selections for the 79B17 (and the paired 79B16) seed production. Although 
the comparisons of CJP and RWST for the progenies of the four seed parents all 
indicated progress in the direction of selection, there was not enough to detect 
more than one significant difference. 


In the fall of 1978, comparable size and number of roots were taken from 
selection plots of each of the 77B1 and 78B] half-sib families that had been eval- 
uated that year. Mother roots taken from 78B1 progenies were interpollinated in 
the field during the summer of 1979 at seed isolation 79B16, while those mother 
roots taken from 77B1 were interpollinated at the 79B17 seed isolation. 


iy 


Seed was harvested by individual plants at each location. Emergence tests in 

sand were made on each seed lot and those with less than 50% emergence or more 
than 20% multiple emergence sites were dropped from further evaluation. Seed 

lots were then "paired" for an agronomic evaluation in 1980, such that there were 
an equal number of seedlots tracing back to a common parent root selected in 1976. 
Half of the seed lot entries (24) had been produced on roots selected from the 
clonal synthetic (78B1) and the other half had not. The 1980 results are also 
given in Table 1. All results are related to the performance of US H20, which 

was grown in every test, in an attempt to partially remove environmental effects 
between years involved in the tests. Calculations of percent performance of 

US H20 are made such that all desired percentages have higher values than do less 
desirable ones. It should be noted that the relative performances in 19/7 dif- 
fered from those of the same seed lots tested in 1978 (77B1) which indicates the 
existence of environmental interactions. In 1978, the 6 replications were used 

to check for significant differences between 78B] and 77B1 performance. Since the 
degrees of freedom for the t value was so small the differences observed 

over 6 replications were in all but one case not large enough for significance. 
The 1980 t tests were made using unpaired t test where the variable was the 6 rep- 
lication average performance among the seedlots tracing to the same 1976 selected 
root. This lowered the variability which resulted in many significant differences. 
When all 24 seed lots of each seed production were compared, there was a signifi- 
cant gain in the selection criteria for the synthetic generation (78B1), namely, 
%clear juice purity and recoverable white sugar per ton without having to do any 
individual root analysis. There was a significant loss, however, in tons of roots 
per acre, which also made a significant loss in recoverable white sugar per acre. 


We feel the objectivesof the 78B1 synthetic were achieved as evidenced by 
the performance of the 79B16 in regard to quality. "0" types taken from this 
line should furnish a better source of material with which to search for specific 
combinations for higher yield. 
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UTILIZATION OF IN VITRO SHOOT CULTURE IN THE BREEDING PROGRAM 





Joseph W. Saunders 


Employing the method for in vitro vegetative propagation described in 
the 1979 Bluebook, we scaled up the 1980 shoot culture effort to around 120 
genotypes, most from a single greenhouse polycross seed production, in order 
to determine whether it is practical in terms of time and labor to propagate 
and maintain germplasm in this way. Accordingly, lateral buds 5-15 mm long 
were taken from flower stalks in Jan.-Feb., decontaminated with two 15-minute 
soaks in 15% chlorox -0.01% sodium laurylsulfate followed by six washes in 
sterile distilled water. These buds were placed onto the surface of 10 ml of 
Murashige-Skoog medium (Physiologia Plantarum 15:473-497, 1962) containing 
0.25 mg/1 benzyladenine in 6-dram screw cap glass vials. More than 80% of the 
buds were decontaminated by this procedure. Subdivision of the branching 
shoots and transfer to fresh medium was done in Feb.-March, induction of 
roots on shoots in April-May, and transplanting to field in May-June. 





By July we had transplanted more than a thousand ramets to the field for 
increase of root size, which should be proportional to seed production poten- 
tial. There was an average of nearly ten ramets per genotype overall, with 
two O-genotypes having more than a hundred ramets each. (Although not in 
common usage yet, ramet is a term proposed several years ago to denote iden- 
tical genetic copies. The term clone is not considered specific enough, as 
it has been used in the past as a collective term for all copies of a geno- 
type, as well as in reference to individual copies. We will continue to use 
the word clone in a collective sense.) 


In November ramets were dug and placed into three greenhouse seed pro- 
duction isolations. One grouping of ten clones was based on progeny perfor- 
mance in agronomic and disease resistance tests, and included only newly 
identified 0-types. Another grouping involved ramets of the four newly 
identified 0-types with the most Rhizoctonia resistant progeny. Thus, having 
enough ramets of a given clone allowed us to make more than one grouping of 
clones for the second stage of the polycross operation. 


Rhizoctonia Resistance Reaction of Ramets. In a pilot test conducted with 
Dr. Charles Schneider to see how well crown rot resistance could be distin- 
guished using ramets, 138 ramets representing seven genotypes were trans- 
planted into the field on June 13 and inoculated with Rhizoctonia on July 23. 
Roots were dug and scored for crown rot on Sept. 19 on a scale of 0 to 4, 
with 0 denoting no evidence of infection per ramet and 4 indicating death. 


Clone Disease Rating No. of Ramets 
FC 701/5-208 0.87 + 0.49 3] 
FC 701/5-206 0.95 + 0.49 21 
FC 701/5-207 1.00 4 0 3 
EL 36-18 2.00 = 0.63 5 
SP 6822-17 2.05 + 0.60 51 
G335-18E 215 0 nee 13 
EL36-15 Stites 14 


Analysis of scores indicated that Rhizoctonia resistance is manifested 
at the ramet level in the field, although in a somewhat variable manner. Three 
clones from the resistant check line FC701/5 clearly were more resistant than 
clones from the two susceptible lines EL36 and SP6822 and a clone of a random- 
ly selected genotype from the local breeding program. It was concluded that 
ramets, despite being somewhat more sprangled because of transplanting and 
prior root induction on shoot structures, manifest a characteristic resistance 
or susceptibility to Rhizoctonia crown rot in the field. 


INDUCTION OF FOLIAR ADVENTITIOUS SHOOTS BY BENZYLADENINE 


Benzyladenine (BA) is a synthetic cytokinin, the class of plant hormones 
important in maintaining in vitro shoot cultures in sugarbeet and in stimula- 
ting shoot differentiation in vitro in many other species. In initial screen-. 
ing of growth regulators on seedlings in a search for possible inducers of 
flowering in beets, graduate student Martin Mahoney noted that 1000 mg/1 BA 
caused adventitious shoot formation on seedlings of EL44. Subsequent tests 
in the growth chamber and greenhouse have demonstrated that BA in a concentra- 
tion range of 33-2000 mg/1 sprayed once onto cotyledon-stage seedlings of 
EL44 and EL40 induced adventitious shoots and leaf anomolies on subsequent 
leaves, primarily on the third through twelfth true leaves. 








Up to 50% of EL44 plants developed adventitious shoots, whereas at most 
10% of EL40 plants did. Growth rate of EL44 plants was more sensitive to BA, 
with plants treated with 500 mg/1 BA producing only 10% (EL44) and 33% (EL40) 
of control dry weight after four. weeks growth. 


The phenomenon of cytokinin induction of foliar adventitious shoot pro- 
duction on intact plants appears to be unique to beets. It is similar to the 
two other systems in which adventitious shoots arise in beets (shoot culture 
and isolated shoot culture leaf parts) in that adventitious shoots arise only 
on leaves formed after exposure to the cytokinin. However, no system for pro- 
duction of adventitious shoots from callus or isolated leaf parts of intact 
plants has been reported. If a screening of different lines indicates 
that EL44 is more sensitive to cytokinin effects on growth and adventitious 
shoot induction, then it may prove useful in attaining shoot regeneration in 
the desired systems of callus and intact plant leaf pieces. 
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RAPID FLORAL INDUCTION OF BEETS 


Joseph W. Saunders 


Conditions for evaluating the sensitivity to rapid floral induction of 
breeding lines in the,growth chamber were standardized at 24-0 hr incandes- 
cent light (25-35uEm7“s-+) and 14-10 hr fluorescent (350-550yEm-2s-!) with a 
14-10 hr 20-14 C temperature cycle coinciding with the day-night cycle. The 
variability of light intensity from one experiment to another resulted from 
use of fresh bulbs in some tests and used bulbs in others. We have started 
to use fresh bulbs for each experiment now because, in a retrospective look 
at experiments, higher fluorescent light intensity appears to promote more 
rapid flowering, whereas higher incandescent light intensity appears to pro- 
mote flowering in a greater proportion of genotypes in a population. 


Three different plant systems have been found sensitive to rapid floral 
induction using continuous incandescent light: seedlings, shoot culture ram- 
ets, and isolated crown buds. 


Seedlings. In this system seedlings emerge under the standard conditions, 
and populations are exposed to the standard temperature and light environment. 
Usually a portion of any particular population flowers. Presumably the geno- 
types that flower under the standard conditions would be the most bolting 
prone in the field, but this has not been tested. A summarizing of several 
experiments at different light intensities follows; it is not meant to be an 

~ unconfounded comparison of breeding lines, but should give an idea of the 
range of sensitivity that we've found. 


VARIATION IN RAPID FLORAL INDUCTION AMONG BREEDING LINES 


Line Proportion Flowering after 80 days Sil. 
FC701/5 41/48 85 
EL42 16/16 100 
SP6822 14/32 44 
EL40 12/29 4] 
EL39 5/16 aa 
EL44 4/32 13 
EL4] 1/16 6 
2512% 0/32 0 


* bolting-resistant inbred from John McFarlane. 


FC 701/5 appears to be the most sensitive line we've tested. In one 
experiment, all sixteen plants had started to bolt by 27 days after emergence 
and flowered by 50 days. In the only test run so far to see if plants would 
flower if placed into the standard conditions some while after emergence, 
ten FC701/5 plants were started at 14-10 hr incandescent and fluorescent and 
20-14 C, then shifted to continuous incandescent after five weeks. Six of 
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the ten plants flowered, with a mean time of 65 + 5 days to first flower. 
The relatively low proportion flowering and the long time to flower may have 
been caused by the lower light intensity, as the bulbs had already been in 
use for five weeks when the ten plants were placed in that chamber. 


Conditions for rapid floral induction have probably not been optimized, 
and this would account for the fact that only 44% of the seedlings tested in 
a total of eight lines have flowered under the standard conditions. Another 
way to view this fact is to see the standard environment as a differentiating 
system, which separates the more sensitive flowering ("bolting") genotypes 
from the more resistant. The system thus lacks the safety feature of the 
customary cold induction method which delays the growth response to the induc- 
tive stimulus until even the most insensitive genotype has had time to receive 
a sufficient amount of stimulus, whereupon all can leave the starting gate 
together, as it were, when brought out of the cold. This is because the cold 
serves not only as inducer in the customary induction method, but also as an 
inhibitor of the growth response to the stimulus. Thus, cold induction of 
sufficient duration appears not to serve as a differentiating system capable 
of separating the bolting-sensitive from the bolting-resistant genotypes. 
Consequently, the standard conditions that we've used for rapid floral in- 
duction might be used in evaluating lines for inherent (as opposed to con- 
taminant) bolting sensitivity, as well as for selection of either easy or 
difficult bolters. 


Ramets. Two genotypes were tested for early floral induction using several 
dozen ramets of each. Rooted shoot culture shoots were potted up in Metro 
Mix 300, watered with Peters nutrient solution, and after two days of harden- 
ing in the shade, were put into the standard conditions: in the growth chambers. 
For clone 427-8, 26 of 33 ramets flowered in a relatively low fluorescent and 
incandescent light intensity with a mean time of 86 * 16 days to first open 
flower. Under peak light intensity, clone 448-3 had 45/46 ramets bolting with 
a mean time of 28 + 8 days to first bolt. Most ramets were then removed from 
the chamber prior to flowering. Some were planted in the field for seed pro- 
duction. Best stage for transplanting bolting ramets, and this may apply to 
bolting young plants as well, appeared to be relatively soon after bolting 
starts. For the purpose of matching flowering times, transplant of more ad- 
vanced bolters appeared to increase the risk of stressing the plant and de- 


laying the peak of flowering several weeks until a new flush of floral stalks © 
could grow up. 





It is still not understood why there is a significant portion of ramets 
of a given clone that do not bolt or flower. However, as there will be no 
selection for easier bolting within a population of ramets of the same clone, 
it would appear that at present the method of continuous incandescent light 
for rapid floral induction is most suited for use with ramets, and particular- 
ly for backcrosses. We are currently using rapid floral induction with ramets 
of newly identified 0-types. We can keep stocks of the clones on hand as in 
vitro shoot cultures, then induct roots and flowering when desired. At a 
given combination of temperature regime, light regime and light intensity 
(the importance of the latter is increasingly being realized), we can charac- 
terize each clone as to speed to flower and possible proportion of ramets 
bolting as well. Collection of pollen for storage and later use in backcross- 
ing to produce male sterile equivalents is possible with the inducted ramets 
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if the prospective seed parents in a cross are not flowering at the same time. 


Isolated Crown Buds. Crown buds were excised from beets in the field in 
Oct.-Nov., at which time they had probably been exposed to many cold nights. 
The buds had leaves up to 30 cm long, and were cut from the mother root with 

a scalpel so as to leave a wedge of root tissue attached. They were dipped 
into Rootone and placed in Jiffy-7 peat pots in clear plastic covered trays 

in a growth chamber at 24 C. Two problems developed: pest control on the 
crown buds during the next 3-4 weeks while they were not growing, but attempt- 
ing to establish a root system, and the actual root induction, which was hin- 
dered to some extent by the aphid population which appeared to have been 
brought in from the field. 





Those crown buds which did take root were potted up and placed in the 
standard growth chamber conditions for rapid floral induction. Nearly 70% of 
the genotypes sampled were bolting within seven weeks, although most of the 
genotypes had been taken from roots of FC701/5, which had a high number of 
crown buds in the field. 


Although the use of rapid flowering of isolated crown buds might be seen 
in early test crosses of a genotype while the mother root is kept in cold 
storage for possible seed production the following season, or as a source of 
lateral buds for shoot culture establishment, the problems with pest control, 
root induction, and selection of relatively easy-flowering genotypes make 
this method of limited attractiveness. Furthermore, the presence of crown 
buds of sufficient size and perhaps number is necessary. This varies from 
line to line, and also depends on stand density. Unfortunately, those beets 
most likely to possess suitable crown buds are those least desirable for 
selection because they will probably be in an incompletely competitive stand 
position. 


Current Limitations on Use. In terms of general applicability, the use of 
continuous incandescent light for rapid floral induction will probably see 
limited service for two reasons. First, because in heterogeneous populations 
only a proportion of the population will flower, selection for increased bolt- 
ing sensitivity will occur if only that proportion is used for crossing pur- 
poses. Secondly, optimum results can be produced in the growth chamber be- 
cause of the apparent importance of temperature control and light intensity. 
Growth chamber space is limited and/or expensive. Although greenhouse appli- 
cation has not been tried, the need for space for larger populations could 
best be satisfied in the greenhouse during cold weather when temperature con- 
trol is more feasible. Light intensity would probably have to be kept high 
artificially. Efficient use of growth chamber space is possible if plants 
are taken out as soon as they start bolting, and kept in conditions which 
preclude reversion to the vegetative state. 
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Sugarbeet Pathology 
C. L. Schneider 


I. Testing for disease resistance. 


A) Black root disease (Aphanomyces cochlioides) - Greenhouse screening 
tests were conducted from January through March. Seed was planted in 
10.2-cm styrofoam pots of steam-pasteurized potting mix. Dried oospore 
Peaaetn. on yermicul ite or Turface carrier was added to soil at plant- 
ing (50 x 10° spores/pot). Disease severity was assessed about 6 wks. 
after planting. There were 4 experiments with a total of 415 entries. 
Var. US H20 was included in each test as standard for comparison. Re- 
sults are summarized in Table 1. In 3 of the tests there were signif- 
icant differences among entries. The C.V.'s indicate that the general 
reliability of the tests is good. 


Table I. Summary of 1980 greenhouse screening tests of Aphanomyces black root 
disease resistance of sugarbeet lines. 


p.1.l/ 
Exp. no. and type of material Nos. US Entries CVs No.2/ 
entries H20 % Superior 
Mean Mean Range entries 
80-1 E.L. breeding lines Tite GAC le Lees Ca =3), Sal su) 113 
80-2 E.L. experimental hybrids 29S J.0% fu 1 fae 81 54D 23 
80-3 F&M lines et 2 Lees f, 2.3-2.9 18.9 0 
80-4 E.L. breeding lines O84 Jeoecimic Jo 2. sedate ono 18 
Totals 415 156 


l/ DI (disease index) ='0 (no symptoms) - 5 (dead). 
2/ Entries with DI significantly below that of US H20 (P=0.05). 


B) 
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Root rot (Rhizoctonia solani) - The Rhizoctonia nursery was planted 
on 2] May with single-row plots, 7-m long. There were 4 experiments, 
3 comprising 4 randomized blocks and one comprising selection plots, 
each of 3 adjacent rows. There were a total of 151 entries. On 10 
and 11 July, barley grain inoculum was applied for a total of 18cc/m 
of row. Plots were sprinkler-irrigated on 12, 13, 14 July. Plots 
were harvested and plants rated according to disease severity on 5-8 
Sept. (exps. 900 and 1000), 27-30 Oct. (exps. 800 and 1200) and 7 Nov. 
(selection plots). Results are summarized in Table 2. Average root 
rot level in US H20 = 63%, about the same as in 1979 (68%), but lower 
than in 1978 (82%) and 1977 (83%). Plots of check variety FC701/5 
were severely damaged by the chronic phase of black root disease. 
a general reliability of the tests is considered good with C.V.'s = 
5.9-19.6%. 





Table II. Summary of 1980 tests of root rot resistance of sugarbeet entries 


in the Rhizoctonia nursery. 





Peteiyoctsrot 


No. Checks Eycrresit ee Cry. No.1/ 
Exo. No. ‘fentries US EL42 (%) superior 
H 20 entries 
oe e 4: Range 
800 32 62 45 44 35-55 1625 28 
900 33 63 4] 50 47-71 15.9 8 
1000 23 59 - 52 44-62 19.6 ] 
1200 19 69 ~ 49 28-69 Tae 7 13 
Selections 44 62 44 49 34-72 166 19 
Total 15] 63 44 49 28-72 69 
or 
Mean 


J/ Entries with pet. root rot significantly below that of US H20 (P=0.05). 
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C) Leaf spot disease (Cercospora beticola) - A total of 245 entries were 
tested in the Cercospora nursery. Plots, planted 16 May, comprised 
one 7-m row. There were 9 experiments, each with 3 randomized blocks. 
Dried sugarbeet leaf inoculum was mechanically applied in the leaf 
rosettes at 0.4 cc/m of row on 9 July. The plots were sprinkler 
irrigated on 14 July. Disease intensity readings were made on 19 Aug. 
and 5 Sept. The results, in Table 3, show the majority of entries 
superior to US H20 check in resistance. 





Table III. Summary of tests of sugarbeet lines for leaf spot disease 
resistance in East Lansing Cercospora nursery in 1980. 


pia eee eee 
pr 


No. US W200. ~-Entries C.V. No.2 
Experiment no. entries X (range) (%) superior 
entries 

700 54 ee Peon 14.2 46 
800 34 5.0 2./-5.0 1086 29 
900 ae Saad 3.0-4.7 13.3 23 
1000 23 4.8 Crime od 14.1 18 
1100 20 «4.6 4.0-6.3 12.8 0 
1300 47 320 3.0-5.0 16g 7 37 
fe 15 Dau 2.3 5ee 13.5 10 
N 23 et 4.0-5.3 14.3 0 
C a 4.0 85 3-ONe TRa/ 0 


l1/ DI (disease index) - 0 (no symptoms - 10 (complete defoliation). 


2/ Entries with DI significantly below that of US H20 check (P=0.05). 
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Il. Tests of fungicides and biological control agents. 


A) Seedling blight - The efficacy of seven seed treatments and two soi] 
treatments was tested for control of seedling blight in two lots of com- 
mercial cultivar, US H20. Lot #1 was relatively free of Phoma betae 
seed infection and treatments were applied for control of soil-borne 

pathogens. Lot #2 was heavily infested with Phoma and treatments were 


applied for control of seed-borne Phoma as well as soil-borne fungi. 








The seed was planted on 28 May (51 days after treatment) in soil natu- 
rally infested with seedling blight fungi, including Aphanomyces coch- 
lioides, Pythium spp., and Rhizoctonia solani. Plots, each comprising 
One 7-m row were arranged in 4 randomized blocks. Immediately after 
planting, Previcur N70S soil treatments were applied, incorporated with 
the herbicides Pyramin (177 g/km of row) and TCA (184 ml/km of row) in 
a 20-cm band over the row at rates of 92 and 184 ml product/km of row. 
Control soil treatment comprised herbicide alone. 











Results are presented in Table 4. Prethinning (26 June) and post-thin- 
ning (1 July) stand counts show that Lesan 70W soil treatments resulted 
in seedling stands significantly greater than that of the controls. 
The soil treatments had no significant effect on stands at 5% level. 
In Test #2, seed-borne Phoma apparently had no effect on seedling stand. 
Inasmuch as this experiment was planted relatively late, the warmer 
temperatures are probably responsible for the lack of Phoma damage. 





Table IV. Results of two sugarbeet seed treatment tests at E. Lansing, MI in 1980. 








Pctl/ No. plants/ploté/ _ 
Seed lot, treatment and rate Phoma in Pre- Post 
(product/100 kg) seed thin thin 
Test | 
Lot #1 Lesan 7OW (125 g) - 34.8 ab jie rte 
Lesan 7OW (250 gq) - Bae) I /eeaiel 
Previcur N705 (450 m1) - 27.9 a 11.6 a 
Previcur N705 (900 m1) = P7eTea t2e5%a 
Terracoat L-205 (782 m1) - Bleiha LieGra 
Untreated control - 3: 0a Li e5oa 
Cro suit 64.6 35.8 
Test 2 
Lot #2 Lesan 70W (125 g) 38:39w ac 23.4 a 12.95 
BTS 40-542 40EC Oa 14.1 a Leona 
(163 m1) 
Lesan 7OW + BTS 40-542 40EC 224845b 188264 9.9 a 
(62:5 g + 81.5 m1) 
Untreated control 5) -\eabc bSt32a 7,828 
C.V. (2) 43.3 65.8 48.3 





l/ Mean of 10 plates with 9 seeds/plate. 


2/ Mean of 12 plots. Values followed by same letter do not differ signifi- 
cantly at the -5% level according to the LSD test. 


B) 


-iE18 - 


Rhizoctonia root rot - Plots of commercial sugarbeet cultivar, US H20, 
each comprising one 7-m row, were planted 22 May with rows 71 cm 

apart. Qn 23 July, dried maize kernel inoculum of Rhizoctonia solani 
was mechanically applied vertically along the plant rows and into the 
crowns. Fungicides were applied on 15 July and 25 August as aqueous 
sprays or as granules in a 20-cm row band along the rows and into the 
crowns. Plots were sprinkler-irrigated lightly on 23 and 24 July. For 
the remainder of the season, soil moisture was more than adequate. Di- 
sease incidence and severity were determined for each plot on 29 Sep- 
tember. 








Throughout the season, there was little evidence of typical above- 
ground symptoms of root rot. When the roots were harvested, however, 
they showed ample evidence of infection with the untreated control 
having 42% root rot. Treatments that reduced root rot Significantly 
below that of the control were Bayleton 50W (11.2 g/km of row) and 
Bayleton 5G (224 g) [triadimefon]. 








Phoma betae seed infection - Fungicide seed treatments were applied in 
acetone solvent to seed of sugarbeet cultivar US H20, heavily infested 
with P. betae. Fugicide-acetone suspensions were prepared by adding 

1.4 x amount of active ingredient needed/g of seed to each ml of ace- 
tone. Seed lots (3 g) were soaked in 20 ml of the fungicide-solvent 
Suspension for 90 minutes, then dried on filter paper. To determine 
degree of Phoma infestation and germinability of seed after treatment, 
90-seed samples were plated out on water agar after 5 minute surface- 
disinfection in 0.5% calcium hypochlorite. To determine efficacy of 
the treatments in reducing seedling blight under controlled conditions, 
seeds were grown in boxes of sterile sand in the laboratory for 10 days, 
after which seedling emergence and pct. seedling blight were deter- 
mined. Two groups of treatments were tested. The first group com- 
prised 15 single treatments. The second group comprised 5 fungicides, 
each combined with Lesan 70W - a fungicide that has been extensively 
used in this area to control seedling blight caused by soil-borne 
pathogens. 








Most of the treatments in both groups reduced Phoma infection of the 
seed and seedling blight significantly below that of the untreated 
control. Acetone alone caused a significant reduction in Phoma seed 
infection but not in seedling blight. Outstanding treatments: Arasan 
SOW (thiram), BTS 40-542 40EC (prochloraz), and Orthocide 80W (captan) 
treatments were also highly effective when combined with Lesan 
(fenaminosulf). There was a high degree of correlation between percent 
Phoma in seed and in percent seedling blight (r = .86**). There were 
four treatments that resulted in seed germination Significantly below 
that of the untreated controls. 











The results indicate that there was no advantage, in most cases, in 
using the acetone solvent instead of aqueous slurry with the fungicide 
dusts or coating directly with the liquid treatments, which in previous 
tests have produced results similar to those obtained with the acetone. 
Comparisons of Arasan and Orthocide with and without acetone treatment 
are currently under investigation. 
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D) Tests with fungal antagonists to control Rhizoctonia root rot - Nine 


granule cultures and 2 spore-flour cultures were tested with Rhizoctonia- 
Susceptible cultivar, US H20. Plots comprised one row, 7-m long. Each — 
antagonist was tested with one application (15 July) and with two appli- 
cations (15 and 23 July). Granules were applied in a 20-cm band along 
the plant row and into the plant crowns. Spore flours were applied in 
900 ml water/plot with a watering can. On 23 July, dried grain inoculum 
of R. solani was mechanically applied along the rows and into the crowns. 
Immediately after the antagonists and inoculum were applied, a light 
covering of loose, dry soil was applied into the crowns with a hand-hoe, 
Simulating the cultivation practice of throwing soil into the plant 

rows with a rapidly moving cultivator blade. Immediately after inocu- 
lation, and on the following day, plots were sprinkler-irrigated. For 
the remainder of the season, the plots remained moist to wet because of 
frequent rains. On 24 September, plants were dug up and graded accord- 
ing to root rot severity. 











Results 


One treatment, Corticium sp., resulted in significantly lower disease 
level compared to untreated control. The number of applications did 
not significantly affect results. None of the other treatments had 
any significant effect on disease. 


ABSTRACTS OF PAPERS PUBLISHED IN 1980 


D)yschneider, C. L., R. L. Sims, and H. S. Potter. 1980. Report of tests 
of fungicides to control Cercospora leaf spot and Rhizoctonia root rot 
diseases of sugarbeet, 1978. In Fungicide and Nematicide Tests 35:61-62. 
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BREEDING SUGARBEETS FOR RESISTANCE TO BLACK ROOT 
AND LEAF SPOT 


Gaaie aoe 


Research work on sugarbeets at the Agricultural Research Center, 
Beltsville, Maryland is directed mainly toward varietal improvement of 
Sugarbeets resistant to Aphanomyces black root and Cercospora leaf spot, 
important diseases in eastern. United States. 


Testing for Leaf Spot Resistance 


Climatic conditions at Beltsville in 1980 were favorable for the develop-— 
ment of Cercospora leaf spot in the sugarbeet nursery creating the most 
severe epidemic of the last 25 years. Even our most resistant breeding 
lines had a few blighted leaves by August 14. USH20 was given some poor 
ratings of 6 and 7 at this date. Unselected fodder beet lines were 
severely blighted by July 28. Leaf spot ratings on fodder beets were 
discontinued after July 28 because most lines appearing to have some 
tolerance became almost as severely diseased as the more susceptible lines. 
Results of the leaf spot nursery test are presented in Table 1. 


TABLE 1. Results of leaf spot tests at Beltsville in 1980. 


Av, Leaf Spot Rating* 
No. Lines Date of Breeding USH20 Resistant 
Description Tested Rating Lines Check Check 





Black Root & Leaf Spot 
Resistant MM lines 
from Beltsville 74 8/14 4.6 539 303 


MM lines from 
East Lansing 62 8/14 550 6.4 x08 


mm lines from 
East Lansing 82 8/14 4,3 5 3.4 


"Soil-free" MM lines 
from Beltsville 


(late planting) 33 8/21 4,3 6.0 4.0 


Fodder beet lines 68 7/28 5.4 4.0 eet 
i ee re eee nce ane a ae eee 


* 0 = No spots; 10 = All leaves dead. 


The extreme susceptibility of most fodder beet lines is indicated by the 
poor average rating of 5.4 on July 28, while USH20 had a rating of 4.0 on 
this date; and the resistant check, a good rating of only 2.7. The 
extremely severe epidemic at Beltsville in 1980 points out the fact that 
even after 50 years of breeding efforts we have only succeeded in obtaining 
enough genetic resistance to leaf spot to have good field tolerance in the 


—~ How ~ 


beet growing areas in most years, and that complete immunity, if it is 
possible, is in the distant future. Heavy selection pressure for 
resistance is possible, but not feasible because it results in a decline in 
plant vigor and hence a decline in root yield. 


Testing for Black Root Resistance 
Tests for resistance to Aphanomyces black root resistance were conducted on 
more than 500 breeding lines and experimental hybrids. Results of most of 
these tests are presented in Table 2. 


TABLE 2. Results of black root tests at Beltsville in 1979-80. 


Black Root Rating 


Number of Av. of lines Resistant Susceptible 
Description Lines Tested Tested Check Check 
MM progenies from 
Leaf Spot Selections 142 103 100 111* 
MM progenies from 
Black Root Selections 214 104 100 115%** 
MM progenies from 
Powdery Mildew Selec-— 
tions from SP6822-0 61 104 100 113#* 


MM progenies from Cold 
Temperature Germination 





Selections from 6822-0 61 125 100 HHH 
* Minimum-Maximum Possible Ratings = 68-114 

x* " " 1 " = 77 =130 

Eth ¢ u 2 : = 83-138. Susceptible check variety 


was changed, and wasn't as susceptible as believed to be, hence it is not 
comparable to other susceptible checks in this table. 


Year to year assessment of progress in resistance to Aphanomyces black root 
is not possible for two reasons: (1) Increases in resistance are small 
with each selection; and (2) Variability in the severity of infection in 
the check variety has too big an influence on the apparent resistance of 
the lines being tested. The first three groups of material in table 2 
appear to have good resistance based on the average of their responses to 
the disease. The cold temperature germination selection progenies, 
however, appear to be rather susceptible to black root. Part of this 
numerical higher disease rating can be attributed to the higher 
minimum-maximum possible score range which is directly related to how 
severely the check varieties are infected. However, the conclusion is 
inescapable that this group of progenies is rather susceptible. This is 
hard to understand because their ancestry traces back to SP6822-0. It is 
true that they haven't had a selection for resistance for the last six 


ate 


generations and that selection has been for rapid germination at cold 
temperatures, but such a rapid loss of black root resistance shouldn't have 
occurred. One possible explanation is outcrossing to a black root 
Susceptible line that happened to contain good genetic factors for 
germination at cold temperatures. The opportunity for such outcrossing, 
however, was not very great. 


Cold Temperature Germination Selections 


Two successive cycles of selection were made from plant progenies whose 
Seedlings emerged relatively rapidly at cold temperatures. Seed from these 
second-cycle selections was planted in the cold frame on March 10,° 19803 
along with seed of some of the parent progenies and seed of five lines that 
germinated well in the 1979 test. The average 8:00 AM soil temperature 
during the test period at about 1" depth in 1980 was 2.6 °C compared to 
1.8°C in 1979. The average 4:00 PM soil temperature was 10.3°C compared to 
14,.5°C in 1979. Five 1978 progenies that germinated well in the 1979 test 
were included in the 1980 test together with sixty-seven 1979 progenies and 
six of the parent lines (1977 seed productions) from which they were 
selected. Results of these tests are summarized in Tables 3 and 4, 


TABLE 3. Performance of five sugarbeet progenies present in both the 1979 
and 1980 cold temperature germination test. 


Number of seedlings emerged after being planted for 


Testing tat We 13 14 15 16 ley 21 

Seed No. Year Days Days Days Days Days Days Days Days 

* 

HO301—t2 1979 0 0 2 2 - 68 80 
uM 1980 0 - = 0 0 - 0 42 
78301-37. 1979 0 12 46 55 " 89 87 = 
" 1980 0 2 es 0 2 oy 25 
78302-16 1979 0 0 16 33 _ 87 86 : 
" 1980 0 ss 2 0 3 in 24 48 
78302-30 1979 0 1 32 48 is 80 17 z 
" 1980 0 = é 0 2 - 9 418 
78302-67 1979 0 1 49 64 : 90 88 = 
" 1980 0 7 2 i ‘169 eas 21 52 
Av. in 1979 Test 0 2.8 129.0 wilQslgaee=s)ognhe.te mepar cue 

"om 4980 1 0 e 2 | ipa as ee 15.6 43.0 


x 
- = No count made on this day. 


es. = 


TABLE 4. Summarization of Beltsville Sugarbeet.Cold Temperature 
Germination Tests in 1980. 


m ____Number Seedlings Emerged On ee ss 
11th Tern 1Sth 14th 15th 16th Wen 2 isc 
Type of Material Day Day Day Day Day Day _ Day Day 








Average of 67 
progenies (Seed 
produced in 1979) 1.4 - - 9.4 16.3 - 35 «Btu t9e6 


Average of 5-1978 
progenies listed 


in table 3, 0 - - 8 2.8 _ 15 26 43.0 


Average of 6 

parental lines of 

1979 progenies 

(1977 seed) 93) ~ - 1.0 ited - 34 Sea 1.5 








From table 3 we see that seed germinated much more rapidly and better in 
the 1979 test than in the 1980. This might be attributed to one or both of 
two causes: (1) The average warmer afternoon soil temperatures in 1979 
could have aided seed germination; and (2) the seed was one year older in 
1980, and the age of the seed may influence ability to and speed of 


germination especially at cooler soil temperatures. In table 4 we see that 


the 1979 seed did, in fact, germinate more rapidly and somewhat better than 
the 1978 seed, and the 1977 seed germinated quite poorly and slowly. These 
results could be due to one or both of two causes: (1) The age of the 
seed; and (2) the inherent ability of the seed to germinate at low 
temperatures. Data thus far make the age of the seed suspect in having a 
big influence in an ability of the seed to germinate at cold temperatures, 
but I haven't yet proved this. It is inconceivable that the 67 progenies 
(in line 1 of table 4) inherently germinate as much better than their 
parental lines (in line 3 of table 4) as the test indicates. thus, bt 
isn't possible from the tests conducted so far to know how much, if any, 
genetic improvement has been made in ability to germinate at cold soil 
temperatures. Seed increases are being made in 1981 of breeding material 
that will test for both the effect of the age of seed on cold temperature 
germination and the amount of improvement made as the result of selection. 


Breeding for "Soil-Free" Sugarbeets 


A "soil-free" sugarbeet line, SP8030-0 was released in 1980. This 
"soil-free" breeding line appeared to have acceptable percent sucrose at 
Beltsville, Md. 1979 and again in 1980 (table 5). In 1980 our other 
"soil-—free" sugarbeet breeding lines still appear to have sugar percentages 
below an acceptable level. SP8030-0 is still segregating minor genetic 
factors affecting the freedom-from-adhering-soil characteristic, but the 
worst of these segregates has much less adhering soil than USH20, and the 
best segregates have essentially no adhering soil under halfway reasonable 
soil conditions. 


TABLE 5. Sugar percentage of "soil-free" sugarbeets in 1980 nursery test 
at Beltsville, Md. 


Tested Progenies Check Variety 
% b 
Raw Juice Raw Juice 
No. progenies d Apparent % Apparent 
Type of Material __ Tested Sucrose Purity Sucrose Purity 
Components of 
SP8032-0 34 13.9 86.82 ts: Of ea 
F1 of "Soil-—Free" ; 
MM X Sugarbeet MM 9 A120 86.96 ti Olas 87.99 
F1 of "Soil-Free" 
MM X Sugarbeet mm 14 7 ea 86.52 14.0 87.99 
Fe of "Soil-Free" 
MM X Sugarbeet MM 12 14.6 657417 14.0 87.99 
Fe of Sugarbeet 
MM X "Soil-Free" MM 1 use Oo. ee a Dieu 


F2 of "Soil-Free" 
MM X Sugarbeet MM 1 1254 86; 00 Saue. 1308 Sia23 


oe ee Ee ee 


Beta maritima Male-sterile Cytoplasm 


S.P. 80320-02 cytoplasmic male-sterile monogerm was released in August 
1980. This male-sterile cytoplasm came from Beta maritima (see 1975 
Sugarbeet Research Report). This new source of male-sterile cytoplasm 
might be of value should our existing male-sterile cytoplasm exhibit 
Susceptibility to some disease as happened in corn when Texas male-sterile 
cytoplasm proved to be extremely Susceptible to southern blight. As a 
bonus, the sugarbeet lines derived from B. maritima cytoplasm appear to 
overwinter better and produce more seed than our other Sugarbeets. There 
is the possibility that it will: have better Specific combining ability 
because of its different genetic background some of which has undoubtedly 
been retained in the released variety. 


Fodder Beet Testing at Beltsville 


Sixty-seven fodder beet lines were tested in the Beltsville nursery for 
leaf spot resistance. Root weights were taken on 65 of these lines and 
Sugar analyses were run on 252 individual roots selected as potential 
parents in the program to breed sugarbeets for alcohol production. Results 
of these tests are presented in table 6. 
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Most of the fodder beets in the nursery were quite susceptible to 
Cercorpora leaf spot as was expected. The last leaf Spot rating was made 
on July 28 when our resistant check was receiving ratings of 2 or 3 and 
USH20 was receiving ratings of 4 or 5. Six fodder beet lines, however, did 
exhibit some tolerance: (1) Majoral; (2) Monovert; (3) Rose Beta; (4) Beta 
Rose Sugar; (5) Barsein; and (6) diploid Goliat AD from Poland. Root 
yields ranged from 10 to 33 tons per acre, forty-one of the varieties 
having 20 tons or more. Root yields in 1980 generally were depressed 
because of the lack of rain from July 1 until late fall. On examining the 
sucrose percentages and raw juice apparent purities, it becomes evident 
that the good root yields of the fodder beet were Simply the result of 

‘ increased water content. One can speculate that root yields and sugar 
percentages would have been much better if there had been no Cercospora 
leaf spot disease. For example, when the first globe-shaped beets of Mr. 
Deming were tested at Beltsville, they were extremely susceptible to leaf 
Spot and had sucrose content of 2% to 4%. It is not expected that the 
Sucrose content of fodder beets will improve as rapidly with increased leaf 
Spot resistance as did Mr. Deming's globe-shaped beets. On the other hand 
if one looks at the sucrose content of individual fodder beets, there is 
hope. Sucrose analyses of roots with highest sucrose content are presented 
In scapieen, 
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TABLE 7. Sucrose content of fodder beets with best sucrose percentages. 


a 
Bt No. of Rt; Wt. Raw Juice 
Collin's Roots of Root Apparent 
Variety Number Analyzed Analyzed % Sucrose Pup. ay 
Rota 1 
4.0 15.4 88.76 
Barsein 8 
20 Osa) O5.80 
Cimarosa 10 
355 beef 84.92 
5.4 9.8 Ores 
Monofix 9 
4.0 aol 86.67 
Polish 4n 
N-type A80-19 7 
4.5 Vere 81.93 
yet 955 81.90 
3:0 Paw 86. 34 
ace Tete 84.45 
ono 13.9 89.56 
Con ee! 90.30 
4.0 9.9 84.11 
Polish 4n 
E-type A80-21 3 
eo Teo ~ 85.69 
1.8 Soecad 
4.2 = 19.32 
Polish 4n 
N-type A80-22 6 
4.8 1056 80.85 
2.6 10.9 85.36 
eek re) 83.94 
eau 13.4 87.07 
Polish 4n 
N-type A80-23 it 
4.8 11.8 85.26 
Sau Tees Boca. 
et 14.8 88.89 
aU 1 ese 84.86 
as lege 85.49 
139 at Sifaenl 
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The raw juice apparent purities of these roots are for the most part quite 
good indicating a low content of nonsucrose solubles in the juice. This | 
is, of course, a characteristic that is highly desirable in sugarbeets. It 
is not improbable that such breeding material has the possibility with 
intensive selection of increasing root yields considerably without 
depressing Sugar percentage and purities very much. In the future 50 ton 
yields of 14% sucrose beets are within the realms of possibility. In terms 
of alcohol production, this is near 1000 gallons per acre. 


Development of Tissue Culture Techniques 


We are trying to develop a tissue culture technique in order to produce 
haploid plants from anthers. We are now able to get callus tissue started 
On most anthers placed in culture, but after a short period, growth ceases 
and the callus dies. We haven't yet been able to produce the proper medium 
which will permit these calluses to grow luxuriously. , 


Selecting beets for resistance to Sclerotium rolfsii 
G. E. Coe and Nichole O'Neill 


Sclerotium rolfsii inoculum for each screening consisted of moist tall 
fescue seed and wheat bran (1:1 by volume) incubated at 20C with the fungus 
until the medium was thoroughly infested. Five—to-six-week-old sugarbeet 
seedlings grown in clay pots in the greenhouse were inoculated by 
distributing 5 ml of the inoculum at the soil line around and in contact 
with each hypocotyl. Plants were incubated at 23C in a chamber equipped 
with a fogger to maintain 100% RH. Sugarbeets were removed from the 
chamber and after 4 days evaluated for resistance by determining the number 
of surviving seedlings and extent of hypocotyl injury. The isolate of S. 
rolfsii used for screening was selected from 6 isolates varying widely in 
virulence to sugarbeet. A moderately virulent isolate from Maryland was 
selected because it allowed the greatest difference in disease reaction 
between sugarbeet cultivars. 


Sclerotium rolfsii (southern blight) inoculations were made on 
approximately 2500 plants of S.P.7822-0 in seven experiments. Eighty-eight 
plants selected for tolerance were transplanted to nursery plots in May of 
1980. The disease continued in these plants killing all except 15 by 
harvest time. These 15 have been put in pots in the greenhouse for seed 
production in the spring of 1981. These progeny will be compared with 

S.P. 7822-0 in Sclerotium rolfsii tolerance tests in 1981. 


Selections were also made among plants of SP69626-0. Thirty-two selected 
plants were transplanted to the 1980 nursery plots. Only two survived and 
are now in pots in the greenhouse. Thirteen other selected plants of 
SP69626-0 produced enough seed in the greenhouse for testing in September 
of 1980. Five of these progenies appeared to be more resistant to southern 
blight than their parental line; three were about equal in resistance; and 
five appeared to be less resistant. Since there seemed to be no 
improvement in tolerance, a closer examination was made of the data. The 
degree of resistance in this type test was influenced to a certain extent 
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by the diameter of the hypocotyl, the larger plants exhibiting more 
tolerance than smaller plants. Because of this confounding influence of 
hypocotyl size, it is difficult to determine if heritable resistance to the 
disease has been improved, but the data suggest that Slight improvement has 
been made. As in many other sugarbeet diseases, it may take three or four 
cycles of selections to demonstrate significant improvement in resistance. 
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